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MALIGNANT NEOPLASMS ORIGINATING IN SYNOVIAL TISSUES 
(SYNOVIOMATA) 


A Srupy oF THIRTY-TWO SPECIMENS REGISTERED AT THE ARMY INSTITUTE OF PATHOLOGY 
DwurRING THE War-TIME Pertop, 1941—1945 


BY GRANVILLE A. BENNETT, M.D.* 
Resident Consultant, Army Institute of Pathology, Washington, D.C. 

During the years of the recent War a large number of neoplasms and neoplastic-like 
lesions, originating in joints, bursae, tendons, and tendon sheaths, were submitted to the 
Army Institute of Pathology for interpretation and classification. A review of this material 
has demonstrated that thirty-two specimens conform, in their cytological and structural 
features, to the malignant neoplasm of synovial-membrane origin, which has been desig- 
nated by such terms as “synovioma”, “synovial sarcoma”’, “synovial sarco-mesothelioma”, 
“synovial sarco-endothelioma”, and “cancerous synovial tumor”. An illustrated deserip- 
tive analysis of these lesions, together with a tabulation of essential clinical information, 
forms the basis of this report (Table I, and Figures 12 through 54), which is presented for 
the purpose of familiarizing both surgeons and pathologists with this important group of 


“ “ 


sarcomata. 

The remaining lesions of synovial origin included numerous examples of the giant-cell 
tumor of tendon sheaths and joints, pigmented villonodular synovitis, and xanthomatous 
tumors of joints*”. A few representative lesions are illustrated in Figures 1 through 11f, in 
order to permit a comparison of their microscopic appearances with those of the malignant 
tumors of synovial origin. Such a comparison would seem appropriate, since, in reviewing 
this material, it has become evident that to distinguish between benign tumorous over- 
growths and malignant neoplasms of these tissues is not always easy. 

Subsequent studies, noting the courses of the lesions now regarded as benign and re- 
cording the recurrence and fatality rates incident to the lesions that are presently believed 
to be malignant, will be necessary for the appropriate interpretation of this extensive 
block of material. 


SOURCES OF MATERIAL 


Of the thirty-two patients with synoviomata (Table I), thirty were males, of whom 
twenty-five were members of the Armed Forces. Three of the seven civilians were cared 


*Dr. Bennett was released from the Department of Pathology, University of Illinois College of 
Medicine, Chicago, Illinois, for this special service. 

+ The illustrations shown in Figs. 1 through 11 are from benign or non-neoplastic lesions of the 
Synovial tissues that have been designated by such names as villonodular synovitis, giant-cell tumors, and 
Xanthofibromata. The patients from whom such lesions were removed will be followed to determine if 
possible whether such lesions recur or acquire invasive qualities. None of these cases is included in the 
present study of synovioma. 
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Fic. 1 
Photomicrograph (x 100) showing hypertrophied and hemosiderin-laden synovial tissues. This 
soldier, twenty-four years old, had complained of locking, swelling, and pain in the knee joint. 
No neoplastic changes were observed, but numerous separate and intercommunicating spaces, 
lined by synovial cells, were present. Diagnosis: chronic villous synovitis. (A.I.P. Acc. No. 82187.) 
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Fig. 2 
This gp ange (< 50) reveals numerous clefts and spaces that resemble those observed 
in Fig. 1. In addition, abundant and mode rately cellular connective tissue between the mesothelial 
cell-line ‘d spaces may be noted (see Figs. 3 and 4). The specimen from which these reproductions 
were made consisted of a greenish- brown saclike mass of synovial tissues (7 by 5 centimeters), 
excised from the prepatellar region of the knee of a soldier, twenty-two years old. The mass had 
grown slowly during the previous five years. Diagnosis: villonodular synovitis. (A.I.P. Acc. No. 

90791.) 
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for in military hospitals. The thigh (five cases) and the region of the knee (eight cases) 
were the sites where the tumors most commonly occurred. Most of the tumors seemed to 
arise in either the popliteal space or in Hunter’s canal. Four tumors arose from the soft 





Fic. 3 
Photomicrograph (Xx 425) of a cystic portion of the lesion illustrated in Fig. 2. 


= 





Fig. 4 
The cellularity of one of the solid portions of the synovial-membrane lesion shown in Figs. 2 
and 3 is illustrated in this photomicrograph ( 425). (A.I.P. Acc. No. 90791.) Other areas in this 
specimen contained giant cells and lipoid-laden phagocytes, similar to those illustrated in Figs. 7 
through 13. 
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Fia. 5 


Photomicrograph ( 55). Reproduction of an area in a firm, but partially cystic, tumor 
mass, originating in the articular capsule. The sectioned surface was brownish-yellow in color. 


(A.I.P. Ace. No. 96008.) 


Fic. 6 


Photomicrograph (< 425) of lesion illustrated in Fig. 5. The similarity of this giant-cell 
tumor to the lesion illustrated in Figs. 2, 3, and 4 is readily apparent. 
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a 


A low-power (X 55) photomicrograph of a representative area in a slowly growing tumor 
nodule, removed from the tissues adjacent to the terminal phalanx of the left great toe. The 
tendon-sheath origin of this neoplasm is clearly evident. (A.I.P. Acc. No. 83213.) 





Fic. 8 


. ° . . - - Me Dh 
Contrasting areas from the tumor illustrated. in -F3g.‘7,* showing giant-cell components and 
moderately cellular fibrous areas («: 486/.' The similarity of this neoplasm to the lesion illustrated 
in Figs. 2, 3, azid 4 1s readily apparent. Diagnosis: benign giant-cell tumor of tendon-sheath origin. 
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Fia. 11 


The pronounced variation in structure and cytological characteristics of the benign neoplasms 
or tumor-like lesions of synovial tissues is further illustrated. Fig. 10 ( 50) illustrates the 
capacity of certain cells to form tissue clefts, while in Fig. 11 the storage of lipoid is clearly 
shown. The specimen from which these reproductions were made was removed from near the 
ankle joint of a twenty-one-year-old soldier, who had sustained a crushing injury of the part 
several years previously. The tumor was encapsulated, spongy in texture, and yellowish-brown 
in color. Such lesions are frequently referred to as xanthofibromata. However, one can readily 
demonstrate a close relationship between this example and those illustrated in the previous 
figures. (A.I.P. Acc. No. 82227.) 
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tissue near the upper third of the tibia, three from the region of the ankle joint, and on 
each from the dorsal, ventral, and heel areas of the foot. One tumor arose from the sheath 
of the tendo achillis, one from the soft tissues adjacent to the ilium, one from the groip 
beneath Poupart’s ligament, and one from the region of the greater trochanter of the 
femur. Five of the thirty-two tumors arose in the upper extremities, two from the elbow. 
and one each from the shoulder, the upper arm, and the dorsum of the hand. 

The patients who were members of the Army varied in age from twenty to thirty-five 
years, and the civilians from nineteen days (Case 13) to fifty-six years. The known dura. 
tion of the tumors varied from one month to six years; however, in the majority of in. 
stances, the swellings had been noted for only a few months, or an increase in the size of 
a pre-existing swelling had recently been observed. Trauma of definite character in the 
area of neoplastic growth had been incurred in only five instances. In two of these cases, 
the injury was superimposed on tumors known to be present. In three other instances, 
there was a questionable traumatic background. In one of these (Case 5), the patient had 
sustained an injury to the knee ten years earlier. One patient (Case 32) gave a history of 
recurrent pain and swelling of the ankle since an injury in an athletic contest six years 
previously. In the remaining patient (Case 29), the tumor was first noted a few months 
after varicose veins had been injected in the area where the neoplasm developed. 

The available records indicated that the initial therapy consisted of local excision of 
the neoplasm in twenty-one instances. This was followed by wider excision or amputation 
in six cases. In another six cases, biopsy, followed by local excision or amputation, was the 
treatment employed. In one case, biopsy was performed; then, because of known metas- 
tases, radiation therapy was given. No treatment was employed in another case with 
extensive metastatic lesions. In the records of the three remaining cases, no reference was 
made to further therapy following the initial biopsy. 

Eleven of the thirty-two patients are known to have died with widespread metastases. 
Metastatic lesions were present in two other patients, and in three additional cases there 
had been local recurrence of the neoplasms. 


NATURE AND FUNCTION OF SYNOVIAL TISSUES 


Studies dealing with the development, anatomy, and physiology of joints have clearly 
demonstrated that the intimal layer of the articular capsule is made up of specialized 
mesenchymal cells that have the capacity of regulating the passage of substances between 
the articular and vascular fluids and of secreting mucin'"’. It has also been shown that 
similar or identical tissues line the tendon sheaths and bursal spaces. Furthermore, it is 
known that bursal spaces lined by synovial membranes may develop in the connective 
tissues of the body because of certain mechanical influences, as, for example, the massage 


of soft tissues over an acquired abnormal bony prominence, or irritation caused by im- | 


. 





perfect repair of an injury to bone (pseudarthrosis). Examination of the lining tissues of | 


a joint reveals that the synovial intima varies from dense fibrous connective tissue whieh 


is partially lined by inconspicuous flattened cells to a membrane comprised of many layers | 


of round, oval, or cubical cells which are supported by a loosely textured and highly 
vascular connective tissue. These latter areas may contain recesses or crypts, as well as 
permanently formed papillary projections called villi. With the flexion and extension of 
the joint, temporary folds are also produced in the synovial-lining layer of cells and in its 
supporting subsynovial tissues. 

Another well-known activity of articular tissues is the transportation of colloidal 
and particulate matter across the synovial membrane*. Continuous or intermittent bleed- 
ing into the articular cavities leads to extensive storage of hemosiderin in the phagocytic 
cells of the subsynovial tissues or in the synovial-lining cells. Lipoids and other phago- 
eytized substances may also accumulate in these tissues under certain abnormal cit 
cumstances. 


THE JOURNAL OF BONE AND JOINT SURGERY 





and one 
e sheath 
he groin 
r of the 
e elbow. 


irty-five 
n dura- 
y of in- 
€ size of 
r in the 
Se Cases, 
stances, 
lent had 
story of 
ix years 
months 


‘ision of 
yutation 
was the 
metas- 
se with 
nce was 


astases, 
»s there 


clearly 
ialized 
etween 
yn that 
e, it is 
nective 
jassage 
by im- 


sues of | 
which | 


layers 
highly 
vell as 
sion of 


| in its 


lloidal 
bleed- 
ocytic 
yhago- 
il cir- 


URGERY 





MALIGNANT NEOPLASMS ORIGINATING IN SYNOVIAL TISSUES 269 


When one takes into consideration these normal structural and functional features of 
the synovial intima, it is not unexpected that neoplastic-like overgrowths of the synovial 


tissues will frequently result from injury and 
persistent irritation, to produce such lesions as 
are illustrated in Figures 1 through 11. Some 
of the lesions may become heavily pigmented 
with hemosiderin, while others may contain 
large amounts of lipoid alone or in combina- 
tion with pigments derived from hemoglobin. 
Furthermore, in tumors derived from the syn- 
ovial tissues, one would expect that the nor- 
mal structural and functional peculiarities of 
these tissues would be reproduced with vary- 
ing degrees of perfection. In some tumors, 


Fig. 12 

Case 1, Table I. The capsular and cut surfaces of 
a sarcoma of synovial tissues (synovioma). Such 
tumors may be partially or completely encapsu- 
lated. The cut surface reveals firm, fleshy, grayish- 
white areas that are frequently intermixed with 
dark, blood-stained portions or yellowish-brown 
areas of necrosis. Calcification may be observed in 
some instances. (A.I.P. Acc. No. 108027.) 
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Fig. 13 

Case 2. Another typical sarcoma of synovial origin. Before being sectioned, the tumor appeared 
to be encapsulated except in two areas of small size. It was lobulated and resembled a stomach, 
It measured 19 by 12 by 5.5 centimeters. (A.I.P. Ace. No. 117907.) 
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fibrous connective-tissue elements would form the most conspicuous component of the 
neoplasm. In other new growths, tufting or villous patterns of growth would prevail. Ip 
still other examples, the capacity of the neoplastic cells to line spaces, with or without 
evidencing their secretory propensity, would determine the character of the lesion. 

The widespread distribution of synovial tissues in the body and their possible develop- 
ment from other mesenchymal tissues, when appropriately stimulated, undoubtedly ex. 
plains the occurrence of synovial-membrane tumors in the areas which are well removed 
from the articulations themselves. 


TUMOR-LIKE HYPERPLASIAS AND BENIGN NEOPLASMS 


The need for establishing, if possible, criteria by which benign lesions arising from 
synovial tissues may be differentiated sharply from those that are likely to recur and 
metastasize, has become increasingly apparent in reviewing this series of cases. 

Benign lesions, similar to those illustrated in Figures 1 through 11, but embracing the 
widest range of variations, constituted a large block of pathological material in the various 
laboratories of the military hospitals. This striking incidence may have resulted in part 
from the rigorous physical demands that were placed upon the military personnel. At- 
tention was no doubt directed to many symptomless lesions by these increased physical 
demands. It is well known, however, that such lesions are common among the civilian 
population. The history of pain (Case 3) or swelling (Cases 4, 5, 8, 9, 12, 16, 22, and 32) 
for many months to several years prior to the onset of a rapidly growing neoplasm suggests 
that, in some instances, malignant tumors of synovial tissues may be preceded by benign 
tumors or perhaps even by non-neoplastic reactive proliferations. DeSanto and Wilson 
found no instance in which a “benign giant-cell xanthoma” had undergone malignant 
transformation. On the other hand, Jaffe, Lichtenstein, and Sutro caution against the 
possible recurrence of the lesion they designate as “villemodular synovitis” unless it is 
completely: excised. They point out that the recurrent lesion is likely to be somewhat more 
“florid” than the original one. 

Numerous blocks of tissue may be required for the proper microscopic interpretation 
of any given lesion of the synovial tissues. This is well shown in the material from Case 5 
(Figs. 19 through 24) and in Case 29 (Figs. 49 through 54). In these and other instances, 
some blocks of tissue showed only fibrous connective tissue, containing fat deposits, eal- 
careous incrustations, and villous overgrowths of synovium (Figs. 20, 21, 22, and 49), 
whereas other sample blocks revealed highly cellular neoplastic growths which, in each 
instance, had metastasized to other organs. 

It seems probable that a follow-up study of all cases from which synovial-membrane 
lesions, now classified as benign or non-neoplastic, have been removed, will be highly 
informative in the future interpretation and management of such conditions. 


MALIGNANT TUMORS DERIVED FROM SYNOVIAL TISSUES 


In 1927, Smith reviewed the literature pertaining to malignant tumors derived from 
synovial tissues and suggested the term ‘“synovioma” to designate a lesion of a particular 
type which he had observed-in three patients. Following this report, increasing numbers 
of tumors of the type described by Smith have been recognized, and numerous series of 
cases have been recorded. 

One report* deals with nine cases registered with the Army Medical Museum in the 
decade prior to the second World War. Certain other authors?" have assembled their 
own and the previously reported cases in tabular form for analysis. More recently, 
Haagensen and Stout reviewed the cases in the literature and found ninety-five acceptable 
examples of synovial sarcoma which, with nine additional ones from their own material, 
formed a total of 104 cases for analysis. Only three of these patients were alive and free 
of metastases five years after treatment had been instituted. 
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Fic. 19 
Case 5. The sectioned surfaces of a soft, partially cystic tumor, arising in the soft tissues just 


below and medial to the left knee. The malignant qualities of the neoplasm were proved by the 
subsequent metastases and the fatal outcome. (A.1.P. Ace. No. 94431.) 





Fic. 20 
Highly cellular areas and intervening fibrous trabeculae are indicated in this photomicrograph 
(x 55) of the tumor illustrated in Fig. 19. 


PATHOLOGY 


Macroscopic Appearance 


Sarcomata derived from synovial tissues are variable in size, texture, and appearance 
(Figs. 12, 13, 19, and 35). In the usual example, the tumor is sharply circumscribed. Owing 
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Fig. 21 
Tumor tissue forming the lining of the fibrous wall of the cystic tumor is shown in this photo- 


micrograph (x 55). 





Fic. 22 


Areas of degeneration, fat deposition, and 


calcification are illustrated in this photomicrograph 
(< 55). Such regressive changes are 


frequently observed in sarcomatous tumors derived from 
synovial tissues. Figs. 21 and 22 are from the tumor shown in Fig, 19. 
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Fic. 23 
Case 5. A highly cellular area ( 450) from the primary tumor illustrated in Figs. 19, 20, 21, and 
22 is shown. 





Fig. 24 


A metastatic nodule in the lung is reproduced in this photomicrograph ( 450). Note the sim- 
ilar cytological and structural features in the primary and metastatic tumor nodules 
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to the fact that the neoplasm grows expansively from a focal point, the adjacent tissues 
become compressed and attenuated to form a pseudocapsule. The appearance of encape 
sulation is frequently striking, and the surgeon may conclude erroneously that loeg 
excision by blunt dissection will effectively eradicate the lesion. In the process of removal: f 
it is frequently noted that the new growth is more firmly attached to a tendon, tendog 
sheath, or other adjacent tissues at one or several points. Such areas of anchorage may 
represent either the point of origin of the tumor or an area of invasion. Differing textureg 
and elastic qualities of the adjacent tissues lead to nodular irregularities in the outline of 
the neoplasms. Most tumors are seen to be of various densities and colors in cross section, 
Some are firm in texture and moderately fibrous, but more frequently they are soft, 
spongy, and friable. 

Pinkish-gray areas of viable tumor tissue are frequently interspersed with yellow 
areas, caused by necrosis, and brown or red portions which have resulted from old or recent 
hemorrhage. Occasionally calcification in the form of finely divided gritty particles will 














of the neoplasm. 

It is worthy of note that these tumors seldom form within the cavities of the joints; 
instead they lie in close proximity to tendons, tendon sheaths, and the exterior walls of the 
bursal pouches or joint capsules. Those that occur in the middle or upper third of the 
thigh or arm may show no connection with any structure having a recognizable lining of 
synovial membrane, and for this reason the true nature of the tumor may not be suspected 
until after the microscopic sections have been examined. : 


Microscopic Appearance 

In order to interpret properly the varied microscopic patterns that may be encountered 
in tumors.derived from synovial tissues, it is necessary to recall that articular cavities are? 
formed from the primitive mesenchymal tissues destined to become the skeleton. Thus) 
the synovial-lining components of the articular spaces not only arise from the same con- 
nective tissues from which the other skeletal parts originate, but they merge imperceptibly 
into the fibrocartilaginous and hyaline-cartilaginous structures, on the one hand, and the? 
dense fibrous capsular tissues of the articular walls, on the other. It must also be remem- 
bered that following synovectomy, a new synovial-lining membrane will be formed, fre- 
quently indistinguishable from the earlier one. It appears probable, therefore, that the 
special structural and functional characters of the synovial-lining cells are the result of 
two main factors: (a) the inherent propensities of the cells to line surfaces and produce 
mucin, and (b) the environmental circumstances governed to a large extent by the function 
of the part. 

If these assumptions are correct, it is not difficult to comprehend the many patterns 
that are observed in synoviomata. One would logically expect that neoplasms arising from 
the articulations would in some instances reproduce undifferentiated connective tissues, 
while in other instances the more highly specialized propensities of the cells would result 
in the formation of synovial-membrane patterns or even cartilage. This seems to be the 
case, beyond any reasonable doubt. 

Thus, in the study of neoplasms arising from or near the articular, bursal, or tendinous 
structures of the body, one encounters tumors that range in architectural pattern and 
cellular composition from ordinary fibrosarcomata to the highly specialized and equally 
characteristic synovial sarcomata. It is not easy to establish criteria which will clearly 
distinguish between these two classes of malignant tumors. 

In the present study, no tumor was included as one derived from and reproducing 
synovial-tissue elements, unless the cytological picture and structural features were rea- 
sonably characteristic. An attempt has been made, however, to illustrate the variability of 
the microscopic picture from the simplified forms (Figs. 14 through 18, and 23 through 29) 
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Fic. 29 
Figs. 28 (< 128) and 29 (« 450). By comparison with the tumor illustrated in Figs. 25, 26, and 
this tumor (Case 7) shows a more pronounced clefting. The papillary projections of such cells into 
preformed spaces is also more distinct. This tumor arose from the tissues close to the insertion of 
the tendo achillis, but was apparently unattached to the tendon itself. (A.I.P. Ace. No. 81174.) 
(Cases 8, 9, and 10 were similar in microscopic structure to the illustrated Cases 6 and 7.) 
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Fig. 31 Fig. 32 
Case 11. Photomicrographs of different portions ofa hemorrhagic, stringy-appearing tumor that 
measured 6 by 4 by 2 centimeters. Certain portions of the tumor were gray or gray-brown in color 
and friable. Coarse fibrous trabeculae were traversing the mass. The tumor was lateral to, and 
slightly above, the knee; and, although attached to the capsular tissues, it was external-to the joint 
Space. A trabeculated and villous structure is shown conspicuously in Fig. 30 (x 50); the char- 
acteristic glandlike spaces with secretion in Fig. 31 (x 450); and the equally characteristic villous 


tufting of cells in an extracapsular extension of the tumor in Fig. 32 (x 360). (A.LP. Acc. No. 
85248.) 
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y Fig. 39 
Figs. 38 (x 65) and 39 (x 500). Case 15. The microscopic appearances of a highly characteristi¢ 
malignant neoplasm of synovial origin. The complex pattern created by the elements supporting 
the connective tissue and the epithelial-like cells that form the tufts and clefts is well illustrated. 
(A.L.P. Ace. No. 93364.) (Case 16 possessed a similar microscopic structure.) 
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Fig. 43 


Case 22. Low-power (55) and high-power (x 450) photomicrographs reveal spongy and 
solid portions of this neoplasm. In certain areas villous structures and tissue spaces are promi- 
nent, while in other areas the tumor shows only a slight capacity for the formation of the usual 
identifying structures. 

The specimen from which these illustrations were made was a soft, pale mass, 3 centimeters in 
diameter, arising from and attached to the meniscus of the knee joint. The tumor promptly 
recurred after local excision, and the extremity was then amputated. (A.I.P. Acc. No. 113335.) 
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to the highly characteristic patterns of growth (Figs. 47, 48, 51, 52, 53, and 54). ij 
was not feasible in this study to employ the in vitro culture technique described by Murray. 
Stout, and Pogogeff, although such studies would be a valuable adjunct in differentia] 
diagnosis. 

The morphological features by which this group of neoplasms may be recognized are 
illustrated in Figures 14 through 54. It will be seen that three basic patterns exist and are 
developed with varying degrees of clarity. 

One pattern is represented by the formation of tissue spaces which vary from slitlike 
clefts to well-defined glandlike spaces containing serous or mucinous fluid (Figs. 15, 16, 28, 
29, 33, 34, 40, and 41). The second major design is the formation of cell tufts. This feature 
varies from compact groups of oval or polygonal cells segregated in solid portions of the 
tumor tissue to papillary projections extending into the clefts and glandlike spaces (Figs. 
25, 26, 27, and 43). The third architectural design that is noted in the more highly char- 
acteristic tumor is the reproduction of epithelial-like cells upon a supporting stroma of 
compact tissue, formed of elongated cells with small dark nuclei (Figs. 38, 39, and 48). 

The perfection with which these microscopic patterns are developed varies within 
wide limits. In a given example, one such design may be well developed, while the others 
are minimal and may require specially stained preparations to bring them into relief, 

It will be noted, however, that these morphological features represent the basie strue- 
tural and functional characteristics of synovial tissues. The ease with which the derivation 
of the neoplasm is established depends upon the elarity with which the normal patterns 
are reproduced. Although mitotie figures are seen in varying numbers, it seems doubtful 
if their frequency is a reliable index of the degree of malignancy of the neoplasm. 

Microscopic examination should include the study of several well-selected blocks of 
tissue. Single tissue blocks may resemble a benign synovial-membrane lesion (Fig. 21), or 
may contain abundant fibrous connective tissue with or without fatty detritus and eal- 
cium deposits (Figs. 22 and 30). Extension of the tumor tissue into vascular channels or 
tissue clefts beyond its gross margins (Fig. 32) should be looked for. 

The cellular and structural features of the primary tumor are usually reproduced in 
the metastatic lesions in the lungs and other organs (Figs. 23, 24, 53, and 54). 


DISCUSSION 

It is not the purpose of this paper to state the possible relationship of non-neoplastic 
swellings or benign tumors of joints, bursae, and tendon sheaths to the malignant lesions 
that are described. It seems proper, however, to draw attention to the difficulties that may 
be experienced in distinguishing between benign and malignant neoplasms of these tissue 
components. Furthermore, it should be noted that there is historical evidence suggesting 
that in some instances at least, a malignant tumor (synovioma) may develop in or near 
a joint or some other synovial-lined structure that has been swollen or otherwise abnormal 
for many months or years. It is highly desirable, therefore, to follow for subsequent 
analysis all patients from whom benign neoplasms or other tumor-like lesions of synovial 
tissues have been removed. Such a study of the vast amount of material now registered 
with the Army Institute of Pathology should give more precise information on the possible 
dangers of benign lesions acquiring malignant qualities, as well as provide histological 
criteria which would sharply delineate between the innocent lesions and those that are 
potentially dangerous. 

The usual treatment employed in this series was local excision, followed in many 
instances by wider excision or amputation at a considerably later date, and is thus essen- 
tially like that reported in previous studies in which the fatality rate from metastases has 
been exceedingly high. 

Because of the demobilization procedures in effect since the termination of the War, 
it has not been possible to obtain recent follow-up information in many of the cases in the 
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present series. No progress notes have been obtained from eight patients. It is known, 
however, that eleven of the patients died with widespread metastases. In two additional 
patients, metastases are known to be present; and in three others, recurrences have been 
reported. It appears probable, therefore, that the follow-up study now in progress will 
only re-emphasize the well-known fact that these tumors end fatally in a high proportion 
of instances when treated by the conventional methods. However, as has been forcefully 
stated by Haagensen and Stout, the usual location of this tumor in an extremity and its 
tendency to remain localized for considerable periods of time are factors of great ad- 
vantage to the surgeon. If the present discouraging death rate is to be improved, there 
must be closer cooperation between the surgeon and the pathologist. The pathologist must 
develop skills and techniques which will enable him to interpret these lesions properly, and 
the surgeon must take the necessary means to eradicate the local lesions without resorting 
to preliminary conservative measures. 


SUMMARY 


Among the many lesions removed surgically from synovial-lined structures and regis- 
tered with the Army Institute of Pathology during the vears of the second World War 
were thirty-two examples of the malignant neoplasm usually designated as synovioma. 

Certain cytological and structural features distinguish this type of neoplasm from 
other mesenchymal tumors. These cell patterns may be explained by referring to the 
anatomical and physiological peculiarities of the normally developing and mature synovial 
tissues. 

Although the determination of the fatality rate in the present series must await the 
completion of the follow-up study which is now in progress, the knowledge that sixteen 
patients have died, have had metastases, or have shown local recurrences, points again to 
the seriousness of this neoplasm, as well as to the necessity for its prompt and complete 
surgical removal. 

The present observations indicate a need for a follow-up study of the many cases 
in which synovial-membrane lesions, now regarded as benign, have been removed. Such 
an investigation should aid in determining the future course of these lesions of varied 
histological patterns and thereby serve as a guide for appropriate treatment. 
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ORGANIZERS AND THE GROWTH OF BONE * 


BY PIERRE LACROIX, M.D., LOUVAIN, BELGIUM 
From the De partme nl of Anatomy, Unive rsity of Louvain 


The primary causes of bone growth still remain one of the chief and partly unanswered 
questions in bone and joint physiopathology. A certain amount of work has been done 
recently in this field, the results of which cast some light on the problem. We hope that a 
summary of this research will induce other workers to plan their experiments along similar 
lines. 


THE PERICHONDRIAL BONY RING OF THE OSSIFICATION GROOVE 


First of all, as a necessary introduction for the description of the experimental findings, 
we have to consider the structure of a young growing bone near its growth cartilage. Fig- 
ure | represents the distal extremity of the radius of a rabbit, seventy-five days old, and 
Figure 2 shows a part of the same extremity at a higher magnification. Under the attach- 
ment of the periosteum, in the ossification groove (Ranvier’s encoche d’ossification), is a 
thin bony lamella, which, of course, is the section of a ring presenting two faces and two 
edges. Its central face is in close contact with the growth cartilage and the outermost 
trabeculae of endochondral bone. Its peripheral face is separated from the periosteum by 
a thick layer of periosteal cells. Its epiphyseal edge is free and shows signs of intense 
osteogenesis. Its diaphyseal edge is also free and is being absorbed by osteoclasts. Growth 
and absorption are going apace, for the height of the ring remains approximately the same 
during development. This ring might be called “the perichondrial ring of the ossification 
groove’; the expression is somewhat lengthy, but it has the advantage of being self- 
explanatory. 

The formation of this ring is easily understood, if one follows the growth of the 
diaphysis from its earliest stage. In its most primitive form the diaphysis is represented 
by a bony tube, developed around the cartilaginous anlage at the time when the cartilagi- 
nous cells are beginning to hypertrophy and are on the verge of being invaded. This tube 
is continuous from end to end, but after a while its extremity is cut off from the middle 
part by osteoclasts and becomes the perichondrial ring. The faster the growth of the 
‘artilaginous epiphysis, the sooner the extremity of the tube is isolated. From that time 
on, the extremity of the shaft is made of two elements: One is the perichondrial ring of 
the ossification groove; the other is the endochondral trabeculae which merge, on the one 
hand, into the peripheral parts of the growth cartilage, and, on the other hand, are con- 
tinuous with the middle part of the shaft. It goes without saying that, if followed toward 
the diaphysis, the endochondral bone is seen to be transformed gradually into periosteal 
bone. 

The process is linked with the tubulization phenomenon by which the metaphysis is 
continuously remodeled. It is well known that the metaphysis must reduce its outer 
diameters so that the long bone will retain its typical proportions during growth. What 
was unknown, surprising as it may seem, is that the process entails the cutting off of the 
extremity of the primitive diaphysis and the continuation of its own evolution in the 
ossification groove. 

Almost any other growing extremity of a long bone of a rabbit (except the region 
where the patellar tendon is inserted into the tuberosity of the tibia) might have been 
chosen to show the ring described. We have not yet had the opportunity of studying human 
bones from this point of view (and we wish that someone with the necessary collection at 


* Summary of a lecture delivered before the St. Thomas’s Hospital Medical School at the invitation 
of the University of London, June 6, 1946. 
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his disposal might do so), but this description holds good for a few mammals taken at 
random. 

THE FORMATION OF THE PERICHONDRIAL RING AS AN INDUCTION PHENOMENON 
In this series of experiments, the central part of a growth cartilage has been grafted 
into a variety of organs and its evolution studied by histological examination. Following 
isan example of the results. 

In a nine-day-old rabbit, the distal growth cartilage of the radius was cut off with a 
sharp knife by making two transverse and parallel sections; its whole peripheral region 
was then taken away by cutting four sections at right angles. The dise-shaped growth 
zone was thus reduced to a small cubie piece, consisting exclusively of cartilaginous tissue 
without any remnant of the ossification groove. A hole was drilled in the parietal bone of 
arabbit of the same litter, and the graft was pushed into its brain. 

One month later the graft was recovered and studied in serial sections (Fig. 3). It 
had produced a large quantity of endochondral trabeculae, which were being absorbed 
and replaced by hemopoietic marrow. All around the cartilage, cells which seemed to be 
ordinary fibroblasts had gathered. Some of these cells had taken part in the formation of 
a thin bony lamella, surrounding and flanking the growing cartilage. The bony lamella 
was growing by its epiphyseal edge and was being absorbed by its other edge. It was 
identical with the normal perichondrial ring of the ossification groove (Fig. 2). 

The formation of this ring is thus a phenomenon which depends, directly or indirectly, 
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Fig. 1 Fia. 2 
Fig.1: Distal extremity of the radius of a rabbit, seventy-five days old. Longitudinal section 
demonstrates the general relationship of the ossification groove ( 24). 
Fig. 2: A portion of the same section at a higher magnification, showing the perichondrial ring 
of the ossification groove ( 56). (Reproduced, by permission, from Anat. Rec., 92: 439, 1945.) 
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upon the growth cartilage. As to the nature of the phenomenon involved, it may be cop. 
sidered as an instance of induction. One cannot be too cautious in using such a word: j 


should not be used for the mere production of new tissue, but reserved for the cases whey 
this new tissue shows a definite tendency to be organized in a structure similar to th 
normal, Our experimental results meet exactly this requirement. 


ASSIMILATORY INDUCTION OF THE ENDOCHONDRAL OSSIFICATION 


Yet another instance of an induction phenomenon in bone growth is provided by thy 


following experiments: A rod of hyaline cartilage was taken from the rib of a rabbit and 
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Fig. 4 

lig.3: Shows perichondrial ring, one month after ho- 
motransplantation of the central part of the distal growth 
cartillage of the radius into the brain (x 80). (Repro- 
duced, by permisston, from Anat. Rec., 92: 439, 1946.) 

Fig.4: Homotransplantation of a rod of hyaline costal 
cartilage into the upper extremity of the tibia was done 
in such a manner that the graft pierced the growth car- 
tilage. Four months later the graft was the seat of an 
endochondral ossification (< 36). (Reproduced, by per- 
misston, from Bull. Acad. Roy. de Méd. de Be lgique, 10: 
523, 1945.) 





put into the upper extremity of the tibia of another young rabbit in such a manner that it 
pierced the center of its proximal growth cartilage. The latter, in spite of its having been 
wounded, went on proliferating; and a close contact was established between the grafted 
vartilage and the growth cartilage. After a few weeks the grafted cartilage was the site of 
a typical endochondral ossification (Fig. 4). The serial sections proved that the phenom- 
enon did not follow an invasion of the graft by the host cartilage cells, but that it was the 
consequence of the contact of both tissues. The growth cartilage behaved as an inductor 
and imposed its organization upon a tissue which, had it been grafted alone anywhere else, 
would have remained a piece of hyaline cartilage. Such a process may safely be considered 
as one of assimilatory induction. 


EXTRACTION OF AN OSTEOGENETIC SUBSTANCE FROM THE GROWTH CARTILAGE 


The two previous groups of experiments are clear-cut evidence of the part played by 
induction at a much later stage than one would ever have thought. They point strongly 
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Fia. 5 
Osteoma following the intramuscular injection, forty-one days before, of an alcoholic extract 
of the growth cartilage. Shows newly formed growth cartilage with its perichondrial ring of 
the ossification groove. Some muscle fibers are confined in the cartilage ( 100). (Reproduced, 
by permission, from Bull. Acad. Roy. de Méd. de Belgique, 10: 529, 1945.) 





—— er 4 
Mk 


-< 


a Ep a . “ _ 
te. CS epee ate 





Fic. 6 


Another region of the same osteoma. The diameter of the bony tube is being enlarged by 
external apposition and internal absorption (x 100). (Reproduced, by permission, from Bull. 
Acad. Roy. de Méd. de Belgique, 10: 528, 1945.) 


toward the existence in the growth cartilage of an organizer. The question has been pushed 
another step forward by successful experiments with an alcoholic extract from the growth 
cartilage. 

In a typical case, the cartilaginous epiphyses of two newborn rabbits were cut into 
chips and extracted in 94 per cent. alcohol. The extract was injected into the thigh muscles 
of another rabbit. Forty-one days afterward, a large osteoma was found in the thigh. Its 
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histological examination revealed the presence of all the structures which may be analyzed 
in a growing long bone: growth cartilage, with its characteristic row arrangement and 
partially surrounded by a perichondrial ring of the ossification groove (Fig. 5); tubular 
diaphysis, enveloped by periosteum and containing a functional hemopoietic marrow 
(Fig. 6), et.cetera. 


OTHER INSTANCES OF THE ROLE PLAYED BY AN ORGANIZER IN OSTEOGENESIS 


For.their proper evaluation, the foregoing experiments, all of which were performed 
by the author, should now be put against a background provided by related facts. 

Levander, in 1938, was the first to get osteogenesis or chondrogenesis with an aleoholie 
extract of fracture callus as well as of normal bone. Similar results were reached by his 
pupil, Annersten, in 1940. In 1944, Bertelsen also obtained positive results with extracts 
of bone marrow, bone tissue alone, periosteum, and bone extremities, including epiphysis, 
growth cartilage, and metaphysis. Judging from the illustrations published by the Sean- 
dinavian authors, none of their results, fundamental as they are, can compare, as far as 
the degree of organization is concerned, with the results observed with extracts of epiphyses 
treated at a stage when they are still entirely cartilaginous. Consequently we want to 
stress that this tissue seems to offer better prospects for future research. 

In a recent paper (1946), the author studied the osteogenetic properties of the peri- 
osteum and collected some new facts, which seem to prove that not only the organization 
of a skeletal piece, but also the osteogenesis produced by the periosteum, is under the 
influence of an organizer. According to Bertelsen there is little doubt that the same con- 
clusion must be extended to the osteogenesis produced by bone marrow and by a bone graft. 

We believe that these experiments permit us to view, at last, the problem of osteo- 
genesis from the right standpoint: It is an embryological problem which must be dealt 
with accordingly —that is, with embryological hypotheses and methods. Results obtained 
so far warrant further research in the same direction. Practical applications, if any, will 
have to be considered after the main subject is better known. 
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MARCH FRACTURES 
A Srupy wiTH SpecIAL REFERENCE TO ETIOLOGICAL Factors 


BY CAPTAIN JAMES G. DONALD AND CAPTAIN WILLIAM T. FITTS, JR. 
Medical Corps, Army of the United States 


Although the medical literature of World War II is replete with articles on march 
fractures, it seems worth while to report a study, largely etiological in nature, of sixty 
patients in whom typical march fractures developed under combat conditions in Burma, 
and who were admitted to the 20th General Hospital in India. The etiology of march 
fracture has been a matter of controversy for many years, and pertinent data are not only 
of scientific interest, but may be of vital importance in the event of another extensive 
military-training program. 

During the Central Burma campaign of 1944, the Mars Task Force marched from its 
training area near Myitkyina, Burma, south toward Bhamo, and then eastward across the 
mountains to the Burma Road, covering a distance of about 300 miles. Soon after the 
Mars Task Force left its encampment, a considerable number of patients with typical 
march fractures began to arrive at hospital installations in the rear. Sixty such casualties 
were admitted to the 20th General Hospital, and approximately twenty to neighboring 
installations. The incidence of march fracture in the Mars group was in striking contrast 
to that of a similar group, Merrill’s Marauders, who, eight months earlier, had covered a 
comparable distance, over like terrain, up the Stilwell Road and into the Hukawng Valley. 
During the entire Marauders’ expedition, only two patients from that command with 
march fractures were admitted to the 20th General Hospital. Since nearly all their 
casualties were evacuated to this Hospital, the number approximates the total incidence 
of the lesion among the Marauders. 

In an attempt to explain the unusually large incidence of march fracture in the 
Mars Task Force, a detailed analysis of the sixty cases admitted to our Hospital was made. 


AVERAGE CASE 


Based upon averages of the sixty cases, the fracture occurred in a white soldier, twenty- 
five years old, sixty-nine inches tall, weighing 150 pounds, and carrying a load of fifty- 
seven pounds. Onset of symptoms was noted on the thirteenth day of the march, after the 
soldier had traveled 106 miles. Symptoms were essentially identical in all cases of meta- 
tarsal fractures, which comprised 93 per cent. of the series. The soldier noticed a sudden 
and unusual pain in the foot, which was more severe on the dorsal surface over the metatarsal 
shafts. It differed from any foot pain which he had experienced previously on marching. 
In half the cases, the soldier could state the exact time of onset; in the other half, the onset 
could be fixed within six hours. The diagnosis was not, as a rule, made early. After the 
onset of pain, the soldier continued to march for an average of five days over a distance of 
thirty-seven miles. During the period of continued marching, swelling developed; and, in 
most instances, redness appeared on the dorsal surface of the foot. The pain progressively 
increased until walking was no longer possible, and evacuation was necessary. 

All patients were evacuated through one of the forward medical installations, where 
the correct diagnosis was usually made, and a plaster boot was applied to the affected foot. 
At the time of examination in this Hospital, every patient showed some degree of swelling 
over the dorsal surface of the foot, usually greatest over the distal third of the metatarsals. 
A universal finding was spot tenderness at the site of fracture; so that, in almost every 
case, the patient could place his finger tip directly on the fracture. The history and find- 
ings On examination were so characteristic that, in the earlier stages, diagnosis could often 
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TABLE I 
SITES AND Types or Fractures ENCOUNTERED IN A SERIES OF Sixty Metatarsal Marcu Fractures 


Number — Per Cent. 


Side of lesion 


I eos i digs elaine RO ee oe No aN a Pe as Gur 24 40 
Left only Me tsanteh wee keeeb a a Sey seer et ee i 30 50 
OS Le | ere ie: UP aeee eee 6 10 
Total Gate annie omen otila sofa Paes 60 100 
Total right +i Mogenakast oe : 27 45 
Total left ee TE ee ee eee , ea ins 33 55 
Total sings Boe ene ae 60 100 
Metatarsal fractured 
First Cen nae an Se ie Le Sn ato 1 16 
pecoma ........ PE dig catce faccuee re LES Y I a Eade 32 53.4 
Se a a eae ern Bas eds ome se “4 27 45.0 
Total eee a ais Baad : ; 60 100.0 
Segment of metatarsal fractured 
Proximal third ; epee ae eed re ee 9 15 
Middle third pitts eines eee wera. 22 36 
I od ekg ed emma sadn delta epraaalaney es 29 49 
| Ee te Peer errr retinas ' 60 100 
Type of fracture 
Displaced ies ial eee teary sai 5 9 
Complete but not displaced........... es eee sera also 35 58 
Incomplete iiss ae 20 33 
Total 60 100 


be made more accurately on the basis of these findings than on the basis of roentgeno- 
graphic examination. In several instances, roentgenographic examination, which was 
initially negative, later revealed the fracture at the suspected location. Pain on flexion of 
the toe of the fractured metatarsal was an almost universal finding. 

Table I presents data concerning the side of the lesion, the metatarsal involved, the 
segment of bone fractured, and the type of fracture encountered. The higher incidence of 
fractures of the left foot, which differs from most reports, is surprising. In our series of 
sixty patients there were three instances of bilateral metatarsal fractures. Table I deals 
only with the sixty metatarsal fractures. In addition, three patients who presented march 
fractures elsewhere were studied; one had a fracture of the ischium, another of the distal 
end of the tibia, and the third of both caleanei. The findings in these three cases were the 
same as those described in the literature for similar lesions. 


ETIOLOGICAL STUDY 


To ascertain the relative importance of certain causative factors, a comparative study 
of the group with march fractures and of an equal number of carefully selected controls 
was made. Sixty soldiers from the Mars Task Force who had completed at least 200 miles 
of the same forced march, without foot complaints, were selected. These soldiers, chosen 
from the medical wards of the Hospital, had been admitted for diseases not involving the 
musculoskeletal system. 

There were no significant differences between the two groups in the following factors: 
(a) age, (b) height, (c) weight, (d) weight of load carried, (e) previous occupation, (f) 
family history of foot trouble, and (g) type of shoe worn. Differences between the two 
groups are shown in Table II. 

As the soldiers with march fractures began to arrive, we were impressed with the 
inadequacy of their foot training in preparation for such a mission. In order to evaluate 
the relative importance of this factor in the production of fracture, an attempt was made 
to compare their training with that of the control group. A minimum of two four-mile 
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TABLE II 
Factors or ErioLocicaAL SIGNIFICANCE IN Srxty PATIENTS witH Marc# Fracture 
MARCH FRACTURE GROUP CONTROL GROUP 

— ~~ ww pig ~ Number Per Cent. Number Per Cent. 
Previous training 

20 re 1a hs ss ss nino oareeeme nue aeKoNs esa, ae 18 31 51 

CO CO ne Pe rr re err rere. 49 82 29 49 

- Su, BOSE AD ape ne es eran ee ae ee re 60 100 60 100 


History of previous 


foot complaints eh Daren Saree Glen : 15 25 10 17 
Pes planus pened iasids wee ard ee ese ep emenaeers ital Aa 37 7 
25 42 4 7 


Ankle valgus 


hikes per week for the three weeks immediately prior to the march was arbitrarily set up 
as a standard for evaluating adequacy of foot conditioning. It was found that 51 per cent. 
of the control group had met this quite reasonable standard, whereas it was met by only 
18 per cent. of those in whom fractures developed. The control group also had superior 
conditioning during their period of training in the Zone of the Interior, although these 
benefits might well have been vitiated during the sea voyage. Further data concerning the 
value of training in prevention of march fractures are provided by a comparison of the 
incidence of fractures in the two American regiments in the Mars Task Force. One regi- 
ment had been required to march to and from field manoeuvres and had had more rigorous 
marching training than the other regiment. Both had approximately the same number of 
men and made roughly identical marches. The incidence of march fracture was five times 
as great in the regiment with the lighter training program. 

Intensive conditioning very likely explains the low incidence of fracture in the 
Merrill Marauders group, mentioned previously. Unlike the soldiers of the Mars Task 
Force, Merrill's Marauders had engaged in previous campaigns requiring vigorous march- 
ing and, of more importance, had had superb conditioning during the weeks immediately 
preceding the march. 

It is interesting that a march fracture was never encountered in a Chinese soldier in 
the 20th General Hospital, although large numbers of Chinese casualties were admitted 
from units which made essentially the same march as the Mars Task Force. It is obvious 
that many diverse factors play a part in this discrepancy. Nevertheless, the fact that 
Chinese soldiers were more accustomed to strenuous foot activity than Americans is further 
evidence that inadequate conditioning is an important factor in the production of march 
fracture. 

The conclusion was reached that a march fracture occurs in a structurally inadequate 
and improperly conditioned foot as a result of functional overloading. It is significant that 
a much larger percentage of the fracture group showed pes planus and ankle valgus. It is 
possible that some of these static disorders were not present before the onset of the march, 
but were produced by overloading an inadequately conditioned foot. 

Much has been written concerning atavistic foot structure in the production of march 
fracture. All the roentgenograms of the fracture group were studied with this in mind. 
For comparison, sixty roentgenograms of feet, which had been made for reasons other than 
march fracture, were selected at random in the Department of Radiology. Admittedly this 
Was not a perfect control group, but scarcity of film made it impossible to examine that 
humber of clinically normal asymptomatic feet, or to examine the sixty patients of the 
control group. In studying these roentgenograms, we adopted a short first metatarsal as 
the primary criterion of abnormal foot architecture. A line was drawn across the film at 
the distal margin of the first metatarsal, at right angles to the axis of the foot. The distance 
of extension of the second metatarsal beyond this line was expressed as “plus” in milli- 
meters. If the distal end of the second metatarsal fell short of the line, this distance was 
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expressed as “minus” in millimeters. Of the march fracture group, there were “plus” 
measurements in 89 per cent. of the cases; of the control group, in 66 per cent. In the frae- 
ture group the average of all these relative measurements was plus 2.9 millimeters ; whereas, 
in the control group, the average was plus 1.6 millimeters. Although a majority of both 
groups thus showed a relatively short first metatarsal, both the number and degree of 
involvement were greater in the series with march fractures. 

The moderate difference between the control and the fracture groups, as regards 
history of previous foot complaints, is not statistically significant. 


TREATMENT 


In every case the metatarsal fracture was immobilized in a plaster boot, with attached 
walking iron, until there was roentgenographic evidence of bony union. On the average, 
five or six weeks were required. The patients were then sent to the convalescent section 
of the Hospital for intensive foot reconditioning. 


RESULTS 


The cases were followed for approximately five months, and the results of treatment 
were generally unsatisfactory. Persistent foot complaints considerably prolonged hospi- 
talization. In spite of good clinical and roentgenographic evidence of bony union in every 
case, only half of the soldiers returned to combat duty. 

The frequency of march fractures in the expedition of the Mars Task Force resulted 
in a considerable loss of manpower. Because combat soldiers were involved, the military 
loss was particularly costly. We believe that proper preliminary foot conditioning would 
have prevented most of the fractures. 


SUMMARY 


1. Sixty patients with typical march fracture are compared with a control group of 
sixty patients without march fracture. Both undertook the same 300-mile march with the 
Mars Task Force through rough terrain in Burma. 

2. No significant differences between the two groups were noted in age, height, weight, 
weight of the load carried, previous occupation, family history of foot trouble, and type 
of shoe worn. 

3. The incidence of previous foot complaints, pes planus, ankle valgus, and a rela- 
tively short first metatarsal was greater in the march fracture group. 

4. The intensity of preliminary foot conditioning was the most significant difference 
between the two groups. 

5. March fracture occurs in a structurally inadequate and improperly conditioned 
foot as a result of functional overloading. We believe inadequate conditioning was chiefly 
responsible for the high incidence of fracture in the group reported. 
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ABSORPTION OF TRYPAN BLUE FROM THE HUMAN KNEE JOINT 


BY R. L. DEC. H. SAUNDERS, M.D., AND E. GORDON YOUNG, PH.D. 
HALIFAX, NOVA SCOTIA, CANADA 


From the Departments of Anatomy and Biochemistry, Dalhousie University, Halifax 


Little information is available on the rate of absorption of chemical substances from 
normal human joints and on the pathways involved. Most experiments on the permeability 
of synovial membrane have been conducted on animals. Those performed on man have 
been largely on diseased joints, and there appear to be few records of actual experiments 
on normal human joints. 

The mode of transfer of trypan blue from the joint cavity to the blood stream has 
been carefully studied in animals by a number of workers, including Rynearson, Key, 
Adkins and Davies, and Clark. As far as such diffusible dyes are concerned, the consensus 
is that they are largely absorbed by capillaries and, to a lesser extent, by lymphaties?. 

Dyes, such as trypan blue, have not been used in the study of these mechanisms in man. 
It seemed desirable, therefore, to test the direct applicability of some of these assertions 
to the living human joint, and at the same time to attempt a quantitative determination 
of the absorption. Trypan blue was selected because it is a readily soluble dye, free from 
local irritative and general toxic effects. 


PROCEDURE 

The case selected for study was that of a young male, aged twenty-three years, who 
was forced to lose his left lower limb because of a growth, involving the proximal part of 
the thigh on the lateral aspect. The pathologist subsequently reported that the growth was 
a diffuse endothelial myeloma or Ewing’s tumor, involving the upper third of the left 
femur. 

It was decided to carry out an intra-articular injection of trypan blue into the knee 
joint prior to amputation, to submit the joint to histological examination after operation, 
and to determine the degree of absorption colorimetrically. 

The quantity of synovial fluid in healthy human joints has been found in amounts 
varying from 0.13 to 3.5 cubie centimeters in 124 knees, examined immediately after death 
by Ropes, Rossmeisl, and Bauer, while the cubie capacity is given as between 60 and 300 
cubic centimeters*. The injection of a small volume of solution could, therefore, produce 
no undue distension of the knee joint. 

A solution of trypan blue (3.00 grams per 100 cubie centimeters of 0.9 per cent. sodium 
chloride, reagent grade for biological work) was prepared and sterilized in the autoclave. 
Three cubie centimeters of this solution was then placed in sterile ampoules. A solution 
for colorimetric estimation of the trypan blue present was made by diluting 1 eubie centi- 
meter to 100 cubic centimeters. A standard solution, containing exactly 0.100 gram of 
trypan blue, was prepared in 1 per cent. sodium chloride, from which other standards were 
made by dilution. This permitted the determination that the fluid injected contained 33.8 
milligrams of trypan blue per cubie centimeter. 

This solution of trypan blue (2 cubie centimeters) was injeeted, under local anaes- 
thesia, into the superolateral aspect of the suprapatellar synovial pouch at 2:34 P.M. on 
the afternoon of the operation. The knee was passively flexed about 45 degrees and then 
extended, about six times, in order to disperse the dye throughout the joint. The injection 
Was attended by no local or systemic effects. 

A high-thigh amputation was begun about an hour later, at 3:40 p.m. The femoral 
vessels were ligated at 3:50 p.m., and the vessels on the back of the thigh soon after. The 
extremity was removed at 4:40 p.m. 
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Immediately after removal of the limb, 2 cubic centimeters of dye solution was jn. 
jected into the ankle joint. The needle was inserted at the angle between the medial 
malleolus and the distal end of the tibia, and the joint was flexed and extended six times 
to disperse the dye. 

The knee joint was opened at 5:40 p.m. by a transverse suprapatellar incision. The 
superficial fascia on both the medial and lateral aspects of the joint was stained. Op 
deeper incision, synovial membrane, stained blue, was seen on both the medial and lateral 
aspects of the limb. 

Inspection of the joint cavity showed that all parts had been stained. The color range 
was from a navy to a pale blue. The most intense staining was about the site of injection, 
The posterior and lateral walls of the suprapatellar synovial pouch and the lateral half of 
the patellar articular surfaces were accordingly the most deeply stained parts of the joint, 

The lower part of the joint had been stained less deeply. The synovial membrane of 
the infrapatellar fatty pad and cruciate ligaments was a pale blue. The articular cartilage 
of the femoral and tibial condyles was also stained a pale blue. In the region of the 
menisci it was even paler, although the free margins of the menisci were quite markedly 
stained. 

The residual dye was next removed by means of a needle and syringe, and the joint 
was washed out repeatedly. The manner in which the reclaimed dye was treated will be 
discussed later. 

The ankle joint was opened at 9:30 p.m., and the residual dye was recovered as before. 
The entire synovial lining, as well as the articular cartilages, had been stained a very dark 
blue, and contrasted strongly with the paler blues of the knee joint. 

The talus was next removed. The unstained tissues of its caleaneal and navicular 
articulations served as a measure of comparison and control. 


Colorimetric Determinations 

The fluid from the knee joint (about 3 cubic centimeters) and the washings were made 
up to a volume of 100 cubic centimeters, and compared with a suitable standard. The 
residual trypan blue, which was free in the cavity, amounted to 0.80 milligram. This 
represents a recovery of 1.2 per cent. or, conversely, an absorption or fixation of 98.8 per 
cent. of the dye originally injected. 

The fluid from the ankle joint (about 2 cubic centimeters) and the aspirated washings 
were made up to a volume of 100 cubic centimeters, and the free dye was determined. The 
residual trypan blue amounted to 8.4 milligrams, or ten times more than in the case of the 
knee joint. This represents a recovery of 12.5 per cent., and an absorption or fixation of 
87.5 per cent. The fixation in this case was, however, many times more obvious than in the 
knee, as pointed out previously. 

No trace of dye was visible in the urine after the operation. 


Histological Study 

Pieces of tissue were removed from the anterior and posterior walls of the suprapatellar 
synovial pouch, the infrapatellar synovial fold, and the posterior wall of the knee-joint 
cavity, in the manner of Kling’s technique of systematic dissection of the knee joint. After 
fixation in 5 per cent. formalin, paraffin sections were prepared in the usual way. Unstained 
sections, as well as sections counterstained with safranine, were used for locating the dye. 

Microscopic examination of these tissues showed that the trypan blue had diffused 
through, and lightly stained, both the synovial and subsynovial tissues of the knee. The 
histological picture was much the same throughout the joint, but most vivid at the site of 
injection. 

The surface layer or layers of synovial cells, although stained, were generally devoid 
of dye granules, except for an occasional cell or group of cells. The macrophages of both 
the synovial and subsynovial layers, however, contained numerous coarse, dark blue 
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granules of dye. Many subsynovial fibroblasts also contained dye deposits, lying close to 
the nucleus or scattered about the cytoplasm. There was frequent evidence of the staining 
of intravascular blood cells, and a number of granule-laden monocytes were observed. 
Few polymorphonuclear cells were present. 

Sections of a popliteal lymph node showed a few blue-stained macrophages, but no 
other significant changes. Inguinal lymph nodes were, unfortunately, unobtainable at the 
operation. 

Similarly prepared and stained sections of the synovial membrane lining the anterior 
and posterior ligaments of the ankle showed marked staining of the synovial and sub- 
synovial cells and cell processes to a depth of about 2 millimeters. Again, with a few ex- 
ceptions, no dye granules were observed within the synovial surface cells. Macrophages, 
placed synovially and subsynovially, contained dye granules, as did some fibroblasts; but 
in neither case were they so striking as those seen in similar cells in the knee. 

In view of Burman’s work on the effect of dyes on joint cartilage, hand-cut sections 
were made of the articular cartilage; that of the knee showed superficial staining, while the 
ankle showed intense staining of the cells and matrix to a depth of five or six rows of 
cartilage cells. 

DISCUSSION 

Trypan blue was selected because it is a common vital stain, without local irritative 
or general toxic effects when in low concentration in saline solution. It is an acid azo dye, 
similar to Congo red, with a molecular weight of 960. This type of dye has been shown by 
Hober to be readily diffusible. The size of particle in aqueous solution has not been deter- 
mined, but from the observation of Engel on the rate of diffusion through gelatin gel, and 
by comparison with Congo red from the determination of Gordon and Chambers, it must 
be about 1 millimicron. 

Synovial membrane is a layer of modified connective tissue of appreciable thickness. 
Soluble substances passing from the joint cavity to the blood stream must traverse its 
tissue spaces and fluids by diffusion or selective absorption, before reaching the blood or 
lymphatie capillaries. A varying period of detention within it may therefore be expected, 
according to the substance considered, the reaction it evokes, and the initial condition of 
the tissue. 

We are here comparing the passage of an innocuous soluble substance, under similar 
conditions, from the knee joint and from the ankle joint, except that in the first instance 
there was active circulation to the joint for one hour and in the latter instance there was 
not. The importance of circulation is established both chemically, macroscopically, and 
microscopically in this case. 

Adkins and Davies have concluded, from numerous experiments with rabbits, that 
substances in true or molecular dispersion are absorbed mainly by diffusion into the blood 
stream, while substances in a state of colloidal dispersion are absorbed both by the lym- 
phatics and the blood in the course of one to two hours. In fine suspension, there is slow 
removal by the lymphatics only, or none at all. Adkins and Davies stress absorption as 
being predominantly a physical process, independent of synovial-cell activity. In rabbits, 
trypan blue was found to occupy an intermediate position between the molecular and 
colloidal! states. The authors’ evidence in the human would support this conclusion. 

The spread of dyes through living synovial tissue has never been observed micro- 
scopically. Parsons and McMaster showed, however, that dye moved either along or 
between the connective-tissue fibers, and was influenced by such factors as oedema and 
vessel pulsation. King showed further that trypan blue is primarily fixed by the inter- 
cellular connective tissue. 

The histological picture in the knee was not one of marked phagocytosis or cellular 
activity. Coupled with the marked and rapid absorption (99 per cent.) of the dye, as 
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determined colorimetrically, this suggested that the transportation of the dye into the 
blood. stream was principally dependent upon physicochemical factors and the integrity 
of the circulation. En route, however, the dye had apparently behaved as if within g 
connective tissue. 

In the ankle, on the other hand, the dye presumably had diffused into the articular 
tissues and was fixed largely by the intercellular matrix. A very small quantity underwent 
phagocytosis prior to cell death. 

The microscopic findings and the marked dye absorption appear, therefore, to confirm 
for.the human joint the assertion that dyes pass rapidly into the synovial intercellular 
spaces, to be absorbed largely by the capillaries. 


SUMMARY 

Trypan blue in saline solution was injected into a living normal knee joint, one hour 
before amputation. During this time 99 per cent. was absorbed, and microscopic examina- 
tion showed that the dye had stained only lightly the synovial and subsynovial tissues. In 
general, the synovial cells were devoid of dye granules, but these were visible in the maero- 
phages, the fibroblasts, and the monocytes. 

The same amount of trypan blue was injected into the ankle joint after amputation. 
After five hours, 88 per cent. had been absorbed; but much of this remained fixed in the 
synovial membrane, and both cells and matrix showed intense staining to a depth of 2 
millimeters. 

It is concluded that trypan blue is absorbed rapidly from the normal living knee joint, 
mainly by diffusion into the blood and, to a much less degree, by way of the lymph and by 
phagocytosis. Circulation to the joint is shown to be an important factor. 


Nore: The authors wish to express their thanks to W. Alan Curry, M.D., for providing the facilities 
to conduct this experiment, to Professor F. Ronald Hayes for taking kodachrome pictures of the joints, 
to Miss Barbara Schwartz for preparing the histological sections, and to S. C. Saunders, M.D., for con- 
firming the histological findings. 


REFERENCES 


It. Apxins, E. W. O., anv Davies, D. V.: Absorption from the Joint Cavity. Quart. J. Exper. Physiol., 
30: 147-154, 1940. 

2. Bauer, Watter; Ropes, M. W.; anp Warne, Hans: The Physiology of Articular Structures. Physiol. 

Rev., 20: 272-312, 1940. 

BurMan, M.S.: Arthroscopy or the Direct Visualization of Joints. An Experimental Cadaver Study. 

J. Bone and Joint Surg., 13: 669-695, Oct. 1931. 

4. CriarK, W. E. Le G.: An Experimental Study of the Nature of the Synovial Membranes of Joints. 
J. Anat., 63: 152-154, 1928. 

5. Encet, D.: The Permeability of the Synovial Membrane. Quart. J. Exper. Physiol., 30: 231-244, 
1940. 

6. Gorvon, H. K., anp CuAmpers, Ropert: The Particle Size of Acid Dyes and Their Diffusibility into 

Living Cells. J. Cell. and Comp. Physiol., 17: 97-108, 1941. 

Ho6ser, Rupoir: Correlation between the Molecular Configuration of Organic Compounds and Their 

Active Transfer in Living Cells. Cold Spring Harbor Symposia on Quantitative Biology, Vol. 8, 

pp. 40-50. Cold Spring Harbor, New York, The Biological Laboratory, 1940. 

8. Key, J. A.: The Synovial Membrane of Joints and Bursae. Jn Cowdry’s Special Cytology, Vol. II. 
New York, Paul B. Hoeber, Inc., 1932. 

9. Kine, L. S.: Vital Staining of the Connective Tissues. J. Exper. Med., 68: 63-72, 1938. 

10. Kune, D. H.: The Synovial Membrane and the Synovial Fluid. With Special Reference to Arthritis 
and Injuries of the Joints. Los Angeles, Medical Press, 1938. 

11. Parsons, R. J., anp McMaster, P. D.: Normal and Pathological Factors Influencing the Spread of a 
Vital Dye in the Connective Tissue. J. Exper. Med., 68: 869-890, 1938. 

12. Ropes, M. W.; Rossmeisu, E. C.; anp Bauer, Watter: The Origin and Nature of Normal Human 
Synovial Fluid. J. Clin. Investigation, 19: 795-799, 1940. 

13. Rynearson, E. H.: The Macrophage in Absorption from the Synovial Cavity. J. Bone and Joint 
Surg., 13: 127-137, Jan. 1931. 


=O, 


~I 


THE JOURNAL OF BONE AND JOINT SURGERY 





pha: 
uni 
non 
am 
fixa 
writ 
suct 
tot 
that 
not 
plet 
as 1 


nec 
at] 
and 
tot 
wit 
anc 
due 
sive 
fra 
mo 


pal 


of | 


sas 


Co 


the 


Ju 


VOL 





ito the 


tegrity 
thin 


ticular 
-rwent 


firm 
lular 


‘ hour 
mina- 
ss. In 
acro- 


ation, 
n the 
of 2 


joint, 
id by 


ilities 
oints, 
" con- 


rsiol., 
ysiol. 
uudy. 
ints. 
-244, 
into 


heir 


l. 8, 


II. 


‘itis 


1an 


int 





ARTHRODESIS OF THE HIP FOR UNUNITED FRACTURES * 


BY A. BRUCE GILL, M.D., PHILADELPHIA, PENNSYLVANIA 


In general, union and non-union of fractures of the neck of the femur are but two 
phases of the same problem. Of course, the goal of every surgeon is to find a uniform and 
universally successful treatment of fractures, so that the problem of non-union becomes 
non-existent. The incidence of non-union has been materially reduced in recent years, by 
a more meticulous application of the old principles of complete reduction and absolute 
fixation. Much of the present literature deals with methods of internal fixation. The 
writer is not aware that any surgeon can make substantiated claim to 100 per cent. 
successful bony union by any method of treatment. Add the failures of good treatment 
to the vast number of cases of non-union resulting from poor treatment, and it is apparent 
that the treatment of non-union merits our attention. We must bear in mind, also, those 
not infrequent cases of necrosis of the head of the femur, that become evident after com- 
plete bony union has taken place. Patients with this condition may be almost as disabled 
as if bony union had never occurred. 

It is apparent to the surgeon, therefore, that some factor in the repair of fracture of the 
neck of the femur and in the permanent restoration of normal function of the hip joint is 
at present beyond our control. We explain this by saying that aseptic necrosis of the neck 
and the head of the femur occurs, because there is incomplete restoration of blood supply 
to the affected bone. While this is probably true as far as it goes, it does not explain why, 
with the use of the same method of treatment, it occurs in one individual and not in 
another. If it is not due to variations in the destructive nature of the local injury, is it 
due to differences in the regenerative powers of the individual? This subject merits inten- 
sive study; because, if we could know what patients are doomed from the moment of 
fracture to non-union or to necrosis of the head following union, we could save them 
months or years of inactivity, disability, and pain. 

If non-union exists, which operation among several should the surgeon elect to restore 
painless function of the hip? What are the indications and the contra-indications for each 
of them? If any one of the standard procedures is proved to give a perfect result in all 
cases, it should undoubtedly be the operation of choice. 

Arthrodesis of the hip is indicated when other operations have failed, and it should be 
used primarily when there are contra-indications to other operations. If it is the last resort 
for some patients, why should it not have been for them the first resort? 


Contra-Indications for Operations to Secure Union 
1. Rapid absorption of the neck of the femur after the fracture; 
2. Absorption of a large portion of the neck of the femur, including its distal portion; 
3. Aseptic necrosis of the head of the femur; 
4. Chronic degenerative arthritis. 


Contra-Indications for Arthroplasty or Reconstructive Operations 

1. Complete or almost complete absorption of the neck of the femur; 

2. Degenerative arthritis; 

3. Rigid or painful lumbar spine. Abduction of the femur when bearing weight is 
hecessary to keep the upper end of the femur in the acetabulum. This produces tilting of 
the pelvis, and a lateral bending of the lumbar spine. 

* Presented at the Annual Meeting of The American Orthopaedic Association, Hot Springs, Virginia, 
June 29, 1946. 
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Contra-Indications for the Types of Osteotomies which Produce Abduction of the Femur 

1. Gross necrosis of the head of the femur; 

2. Degenerative arthritis; 

3. Complete absorption of the neck of the femur and marked upward displacement 
of the shaft; 

4. Rigid and painful backs. 

Methods of Choice 

Transverse intertrochanteric osteotomy, with displacement of the shaft inward be- 
neath the head of the femur, is frequently used at the present time. In recent years, I have 
done this operation more often than any other. Not all patients have had good and pain- 
less function, and I do not know the end results in all cases. The theoretical contra- 
indications would be arthritis of the hip, necrosis and softening of the head, and high 
displacement of the shaft of the femur. 

Arthrodesis of the hip gives stability and freedom from pain. Its disadvantage is the 
consequent lack of mobility of the hip joint. The patient is unable to bend forward to lace 
the shoe on the affected extremity. Unless the hip is fused in a position of moderate flexion 
of about 30 degrees, there is difficulty in sitting comfortably in a chair, and low-back pain 
may develop. Furthermore, the extremity should not be abducted, but should be in the 
longitudinal line of the body, enabling the patient to walk better, and preventing ab- 
normal lateral strain from being thrown on the lumbar spine. 

END RESULTS 

Including only those cases which have been under observation for from two to seven- 
teen years, solid fusion occurred in 60 per cent. and non-fusion in 40 per cent. The patients 
whose hips were fused had no disability in standing, in walking, or in doing their usual 
work. They considered inability to lace the shoe a slight inconvenience, compared to the 
pain and instability which had been present preceding operation. 

All of the patients whose hips were not fused were free of pain, and had stable hips. 
One has worked as a mail carrier for seventeen years since his operation. He now has 50 
degrees of motion in flexion, and about 15 degrees in abduction. There is a negative 
Trendelenburg sign. This man has never lost a day at work on account of his hip, and is 
still on active duty, walking from thirteen to fourteen miles a day. In such cases the femur 
remained in the acetabulum without abduction, because at the time of operation the roof 
of the acetabulum was excavated and made dome-shaped, so that the end of the femur 
fitted into it, and remained securely in place without abduction. 

CONCLUSIONS 

1. Arthrodesis is one method to be considered in treating cases of non-union of the 
hip. It should also be considered in cases of painful necrosis of the head following union. 

2. It should be the method of choice, if it can be determined that there are contra- 
indications to other operative procedures. 

3. It is the last resort when other operations have failed. 

4. In the writer’s experience, bony ankylosis has occurred in only 60 per cent. of the 
patients operated upon, but the remaining 40 per cent. have had stable and useful hips, and 
have not complained of pain. 

5. Ankylosis of the hip, with the extremity in proper position for weight-bearing and 
locomotion, enables the patient to resume an active life, and the absence of motion con- 
stitutes a comparatively slight disability. 
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THE WHITMAN RECONSTRUCTION OPERATION FOR COMPLICATIONS 
OF FRACTURE OF THE NECK OF THE FEMUR * 


BY ARTHUR KRIDA, M.D., NEW YORK, N. Y. 
INTRODUCTION 


The outcome of a fracture of the neck of the femur may fall into one of the following 
categories: 
Death of the patient; 
Non-union without aseptic necrosis of the head; 
Non-union with aseptic necrosis of the head; 
Non-union with absorption of the neck; 
Non-union after pinning, with some degree of infection; 
Union of the fracture and restoration of function; 
Union with late necrosis of the head and secondary osteo-arthritis; 
Union with late necrosis of the head and the development of an aseptic sequestrum; 
Union with necrosis of the head and gradual complete regeneration of the head, 
with restitution of function. 


DOWNS om Oo bo 


INDICATIONS FOR OPERATIVE TREATMENT 


The failure of primary treatment of this fracture frequently indicates the employment 
of reconstructive procedures. 

Whether or not any operative treatment should be undertaken depends upon eon- 
siderations applicable to the individual in question. Aged individuals in poor condition 
are not proper subjects for operative treatment. 

The ordinary group consists of people in fair general condition, whose locomotor 
ability has been severely curtailed, and who suffer a great deal of pain. 

Sometimes when there is a question as to the advisability of operation, consideration 
of the patient’s social and economic environment is more important than the pathological 
condition. Since increase in physical capacity and relief of pain are objects of comparative 
value, and since all reconstructive procedures on the hip joint entail a good deal of forti- 
tude and cooperation on the part of the patient, the question of operative interference has 
frequently to be answered on grounds other than those of the actual gross pathological 
picture. 

General indications for operative treatment may be found in all the subdivisions of 
the subject listed in the Introduction, with the exceptions of 1, 6, and 9. It may be stated 
here that operations designed to secure union of the head and neck fragments are ordinarily 
disappointing in non-union with aseptic necrosis of the head (3), and non-union with 
absorption of the neck (4). This applies not only to pinning and bone-grafting operations, 
but also to osteotomies. 

Operations dealing with union with late necrosis of the head and secondary osteo- 
arthritis are of the type usually practised for ordinary osteo-arthritis of other origin, and 
will not be dealt with specifically. 

THE WHITMAN OPERATION 
Indications 

General indications for this operation may be found in non-union with aseptic necrosis 

of the head (3) ; non-union with absorption of the neck (4) ; non-union after pinning with 


* Presented at the Annual Meeting of The American Orthopaedic Association, Hot Springs, Virginia, 
June 29, 1946. 
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some degree of infection (5); and union with late necrosis of the head and secondary 
osteo-arthritis (7). 

Specific indications for the removal of the head of the femur are to be found in those 
conditions where the removal offers the only obvious and reasonable solution of the 
pathological problem. Thus non-union with aseptic necrosis of the head (3); non-union 
after pinning, with some degree of infection (5); and union with late necrosis of the head 
and the development of an aseptic sequestrum (8) may all be considered as indications for 
removal. Non-union with absorption of the neck is a border-line condition, which may be 
treated by osteotomy, but which on the whole is more satisfactorily dealt with by the 
Whitman operation. 


The Technique of the Whitman Operation 

The principles were described by Whitman in 1921'. An anterolateral incision is made 
from the anterior superior spine of the ilium downward to four inches below the tip of the 
greater trochanter, and then extended posteriorly to well behind the shaft of the femur, 
through the fascia lata in this region. The hip-joint capsule is exposed between the tensor 
fasciae femoris and the glutaeus medius. The trochanter is defined, and is then osteoto- 
mized in line with the neck of the femur. The capsule is opened, and the head of the femur 
is removed. The trochanteric fragment is mobilized, and, after insertion of the neck 
fragment into the acetabulum, it is transplanted subperiosteally upon the lateral aspect 
of the femur, well below its usual position. A plaster-of-Paris spica is applied with the 
extremity in abduction. 


Postoperative Treatment 


The period of splintage in plaster advocated by Whitman has been found to be too 
long. The trochanter unites readily. The plaster is removed after three weeks, and a 
regimen of active and passive motion is instituted, together with heat and massage. The 
patient is allowed to become ambulatory, when he has demonstrated a reasonable degree 
of muscular control of the limb, which is ordinarily accomplished in about six weeks. 


EVALUATION OF RESULTS 


This paper is based upon twenty Whitman operations performed during 1934-1944. 
These cases may be grouped as follows: 


Non-union with absorption of the neck 14 

Non-union after pinning, with some degree of infection 
(1 major, 1 minor, both after primary pinnings performed elsewhere) 2 
Late osteo-arthritis 2 
Union with late necrosis of the head and the development of an aseptic sequestrum 2 
20 


Relief of Pain 


One of the principal objects for performing the operation is the relief of pain. Inas- 
much as four patients failed to secure such relief, they do not warrant classification as 
satisfactory results. 


Range of Motion 


The range of motion obtained in these cases was exceedingly variable. No patient 
obtained more than 90 degrees, and the few who obtained anything approximating it pre- 
sented some degree of instability. Thus one patient who exhibited a range of 90 degrees 
(aseptic sequestrum) had complete relief from pain, but had a pronounced limp. The 
occasional patient who exhibited the most pronounced degree of restriction of motion 
(from 20 to 30 degrees) had the greatest stability, and the greatest relief from pain. 
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Fig. 1-A 


Fig. 1-A: Typical ununited fracture of the hip with absorption of the neck. 
Fig. 1-B: The same case about eight months following the Whitman operation 


General Physical Capacity 

The difference between crutches or wheel chair and comparatively comfortable ambu- 
lation without appliances, other than the occasional use of a cane, does not need emphasis. 
The ideal result was obtained in a farm laborer who had had an unsuccessful pinning with 
some degree of infection. He returned to his arduous labors. The intermediate type of 
result is exemplified by the elderly woman who was obliged to do her housework, and who 
was enabled to perform such work with a reasonable degree of satisfaction. The failure is 
illustrated by the individual who does not possess the requisite degree of cooperative en- 
deavor to rehabilitate himself thoroughly, or who is denied the opportunity of skilled and 
sometimes prolonged postoperative care. 
1. Wuirman, Roya: The Reconstruction Operation for Ununited Fracture of the Neck of the Femur. 

Surg., Gynec., and Obstet., 32: 479-486, 1921. 
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TROCHANTERIC ARTHROPLASTY IN THE TREATMENT OF UNUNITED 
FRACTURES OF THE NECK OF THE FEMUR * 


BY PHILIP D. WILSON, M.D., NEW YORK, N. Y. 


The term trochanteric arthroplasty is used in this article to designate an operation on 
the hip in which the head and the neck of the femur are removed, and the trochanteric end 
of the shaft of the femur is reshaped, covered with a vitallium cup or mold, and then 
placed in the acetabulum. As a preliminary step, the tip of the greater trochanter is cut 
away from the rest of the femur, the attachments of the glutaeus medius and glutaeus 
minimus being preserved. This fragment is later transplanted to the shaft of the femur 
distal to the greater trochanter. 

This operation is a development of the ideas of Whitman, Colonna, and Smith- 
Petersen. 

Whitman believed that, in ununited fractures of the neck of the femur, the proximal 
fragment was often necrotic from loss of blood supply, and that the chances of securing 
bony union by any surgical procedure were small, and the chances of obtaining satisfactory 
function even less. As a solution of the problem, he devised the reconstruction operation, 
in which he removed the head fragment and inserted the remnant of the neck of the femur 
into the acetabulum. Since the neck was often very short and caused the greater trochanter 
to impinge against the lateral border of the acetabulum, he removed the projecting tip 
with its attached muscles and reimplanted this bone fragment more distally on the femoral 
shaft, thus prolonging the neck of the femur and preserving the function of the iliofemoral 
muscles. He immobilized the hip in a plaster-of-Paris spica for a period of from four to 
six weeks with the limb in a position of abduction, and at the end of this time started 
exercises and physical therapy. 

Colonna later described a reconstruction operation for ununited fractures of the neck 
of the femur, in which the head of the femur was removed and the muscle insertions to 
the greater trochanter were carefully dissected away, a thin musculotendinous covering 
on the bone being preserved. The trochanteric end of the femur was then freed and placed 
in the acetabulum. The detached ends of the glutaeus medius and glutaeus minimus were 
then gathered together in a strong suture, and fixed to the femoral shaft through drill holes 
as far distally as possible. The extremity was fixed in a position of abduction in a plaster- 
of-Paris spica for from four to six weeks, after which movement and exercises were begun. 

Smith-Petersen’s idea of the mold arthroplasty of the neck of the femur with a vital- 
lium cup is too well known to require description, and it seems sufficient to reiterate that 
he believed that the mold served a double role,—both as an interposing substance to pre- 
vent ankylosis and also as a means of obtaining the reconstruction of new articular sur- 
faces by stimulating the formation of fibrocartilaginous layers on either side of the smooth 
metallic surfaces. 

Observations of the results of Whitman’s and of Colonna’s operations, not only in the 
writer’s own cases but also in those of other surgeons, did not lead to the happiest conclu- 
sions with respect to the patients’ comfort or function. Yet it was felt that their basic 
ideas were sound, and that, in the presence of an ununited fracture, with the head fragment 
presenting all the evidence of loss of vitality by roentgenographic examination, there was 
little chance of success for any surgical procedure which had as its objective the retention 
of the head and the securing of bony union of the fracture. It seemed possible to combine 
their ideas with those of Smith-Petersen, and to perform a trochanteric type of vitallium- 
mold arthroplasty, perhaps with improved results. The first of these operations for un- 


* Presented at the Annual Meeting of The American Orthopaedic Association, Hot Springs, Virginia, 
June 29, 1946. 
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united fracture of the neck of the femur was performed in 1943, and since then eight 
patients with this pathological condition have undergone this operation. It is the author's 
purpose to present the results obtained in these patients. 


OPERATIVE PROCEDURE 


The various steps in the operation are more easily shown in the accompanying illus- 
trations than by a textual description. 

1. The exposure is obtained by Smith-Petersen’s incision with the portion distal to 
the anterior superior spine of the ilium curving outward and posteriorly over the lateral 
surface of the tensor fasciae latae near its insertion. The upper half of the lateral skin and 
muscle flap which includes the anterior portions of the glutaeus medius and glutaeus min- 
imus, as well as the origin of the tensor fasciae latae, are stripped subperiosteally from the 
lateral surface of the ilium and from the anterior superior iliac spine. The space between 
the tensor fasciae latae and the rectus fundus is then found and separated, and the entire 
lateral flap, including the previously mentioned portions of these muscles, is retracted 
laterally. When additional exposure of the medial portion of the hip joint is required, the 
iliopsoas may be stripped from the inside of the iliae crest as well as the insertion of the 
sartorius, so that these muscles may be retracted medially. 

2. Next, in order to expose the trochanteric end of the femur, the distal end of the 
tensor fasciae latae is divided transversely in the line of the distal end of the laterally 
curving incision. This permits this muscle to be retracted from the underlying upper por- 
tion of the vastus lateralis, which covers the upper end of the femoral shaft as far as the 
tip of the greater trochanter. The lateral surface of the greater trochanter is now visualized. 

3. An incision is next made in the upper lateral portion of the vastus lateralis in the 
axis of the femur, and the fibers are stripped subperiosteally, exposing the upper end of 








Fia. 1 Fic. 2 
Fig.1: Shows Smith-Petersen’s incision with distal end curving backward over insertion of the 
tensor fasciae femoris. 
Fig.2: Shows the distal end of tensor muscle divided and retracted backward, in order to expose 
the upper end of the femur. 
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Fig. 3: Shows the splitting off of the tip of the greater trochanter with preservation o 
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Fig.4: Shows the exposure and removal of the head fragment. 
a 
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Fig.5: Shows the shaping of the upper end of the trochanter to fit the vi 
? S ; the CeSssary. 
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entire trochanter by the use of a blunt instrument, in order to detach a fragment of proper 
size. This fragment should be as small as possible in order not to seriously reduce the 
substance of the trochanter, which must be saved for the construction of the new head, and 
also because a large fragment generally proves awkward for later transplantation to the 
femoral shaft. 

4. The separation of the trochanteric fragment permits better exposure, and facili- 
tates the next step, which is removal of the fragment of the head of the femur. The 
pseudarthrosis is first identified and divided, which allows the femoral shaft to be ex- 
ternally rotated, and exposes the distal 
surface of the head fragment. The head 
is now identified by trimming away 
fibrous tissue remaining from the 
pseudarthrosis and the remainder of 
the anterior capsular ligament. The 
removal of the head fragment is always 
difficult, partly because the operator 





Fic. 7 Fic. 8 


Fig:7: Shows the reattachment of the greater trochanter. 
Fig. 8: Shows the wound closure and the plaster-of-Paris fixation with hip in abduction. 


cannot grasp it properly with an instrument, and also because of the fibrous hypertrophy 
of the attached capsular ligaments. Doubly curved gouges may be.introduced between the 
articular surfaces to act as levers to dislocate the head, and they also help to identify 
the ligamentous attachments which must be divided. With a little patience and care, the 
head can be freed and removed in its entirety. 

5. The next step is the mobilization and remodeling of the upper end of the femoral 
shaft. This is best accomplished by seizing the shaft below the greater trochanter, where 
the vastus lateralis has been previously stripped away with a heavy, large-jawed Lane 
foreeps. While an assistant manipulates the distal portion of the extremity, the upper end 
of the shaft is pulled out of the wound with the forceps, and the posterior short external 
rotator muscles are divided close to their insertion to the femur, including both obturator 
muscles, the gemelli, and a part of the quadratus femoris. The upper end of the femur is 
thus completely mobilized and brought out of the wound. The trochanteric end is then 
remodeled with the aid of sharp, doubly-curved gouges, and rounded off with the concave 
reamer or rasp if necessary, so that it fits smoothly into the selected size of vitallium cup 
or mold. 
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6. With the aid of the Lane forceps and abduction of the limb by an assistant, the 
end of the shaft is then placed in the acetabulum. It is important, at this point, to test the 
stability of the new joint, both with and without the cup in place. If there is considerable 
tendency for the shaft to luxate from the acetabulum when the hip is adducted toward the 
neutral position, then the operator should seek to overcome the instability. This is gen- 
erally due to one of three causes: first, impingement of the shaft against the inferior and 
medial border of the acetabulum, thus providing a fulcrum for dislocation; second, the use 
of a vitallium cup of too large size; or, third, shallowness of the acetabulum. It is neces- 
sary to trim away all ligamentous remnants which may have become interposed between 
the femoral shaft and the inferior border of the acetabulum and, if indicated, a part of the 
bony margin as well. If the acetabulum seems too small or too shallow it will be necessary 
to enlarge it or deepen it with the aid of doubly curved gouges, large curettes, and the 
convex reamers. Care at this stage to ensure maximum stability of the joint will reap 
large dividends later, during the convalescent period. 

7. When the previous step has been completed, the surgeon places the end of the 
femur in the acetabulum with the vitallium cup in place, and maintains it there by abduct- 
ing the extremity to whatever degree may be necessary for stability, generally about 45 
degrees from the mid-line of the body and in complete extension. An assistant holds the 
limb and maintains the position until the wound has been closed and the extremity has 
been fixed in plaster. The surgeon then proceeds to the next step, which is the transplanta- 
tion of the trochanteric fragment with its attached muscles to the shaft of the femur. The 
fragment is seized with a volsellum forceps or tenaculum, pulled distally as far as possible, 
and fixed to the femur. Various methods of fixation have been used, including stainless- 
steel wire, screws of different types, and nails. In the writer’s opinion, screws are least sat- 
isfactory; wire gives good fixation, but the method is tedious and requires patience; while 
transfixion with the Stuck nail is the —_— , — 
simplest and most practical procedure. bade 
All methods are subject to error, but 
even failure to secure good fixation or 
close approximation of the trochan- 
terie fragment to the shaft has 
seemed to make little difference in 
the ultimate result, probably because 
the fragment becomes fixed by sear 
tissue which develops during the 
period of postoperative immobiliza- 
tion. 

8. There now remains only the 
closure of the wound, for which there 
is no need of special description, and 
the application of the immobilizing 
plaster. It will be found that, with 
the femur abducted, there is no diffi- 
culty in suturing the divided portions 
of the tensor fasciae latae and, since 
the resulting sear is in the distal end 
of the muscle and there has been no 
interference with its nerve or blood 
supply, this does not affect its later 
function. Maintenance of the hipina ‘Wek 9-A 
position of abduction and extension is Case 1. R. G. Condition of left hip in 1939. 
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1 period of from four to six weeks. Generally this is most 


generally necessary for ¢ 
conveniently and comfortably accomplished by the application of a plaster-of-Paris 


spica. 





Fic. 9-B 





Fic. 9-D Fia. 9-E 


Roentgenograms at various stages during the course of treatment. 
Figs. 9-D and 9-E were made four years after the arthroplasty. Patient leads a normal life and 
has normal control and motion of the hip. 
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Fic. 10-A Fic. 10-B 





Fia. 10-C 
_ Case 2. R. Z. Roentgenograms made at different periods during treatment. Fig. 10-A: Condition 
in November 1940. Figs. 10-C and 10-D were made two years after arthroplasty. This patient is 
working in domestic service. She carries a cane on the street, but walks without a cane in the house. 
She has about two thirds of normal mobility of the hip. 


Postoperative Treatment 

Depending upon the stability and security of the hip which are determined at the 
time of operation and by postoperative roentgenographic examination, the immobilizing 
apparatus is removed at the end of from four to six weeks. Since the purpose of this 
retentive apparatus is to maintain abduction and to prevent luxation, there is no objection 
to freeing the knee joint at a considerably earlier period in order to permit mobilization 


and exercises. 
Following the removal of the plaster easing, mobilizing exercises of the hip are 
started. A sling is placed under the knee and connected to a hand pull by means of pulleys 
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attached to.a vertical frame, so that the patient may flex the hip and knee at frequent 
intervals during the day. The patient is also sent to the warm-water pool daily for under. 
water exercises, performed with the assistance of a physiotherapist. Active exercises ar 
done in bed with the foot supported on a roller skate. The patient is also encouraged t 
sit up in a chair. 

Weight-bearing is not generally permitted until the end of eight to ten weeks after 
operation, and then only with the assistance of crutches. The crutches are discarded jp 
favor of a cane only when there is complete absence of pain as well as good muscular control 


of the hip. 


Complications 

The chief complication that must be guarded against with this type of operation is 
luxation. This cannot occur when the hip is in abduction, but the stability of the hip de- 
creases as the hip is brought down to the neutral position, and there is instability, as 
well as risk of dislocation in the position of adduction. This risk is greatest during the 
first two weeks after the plaster is removed, and during this time it is well to prevent the 
hip from assuming an adduceted position. This may be accomplished by placing sandbags 
at the inner side of the leg, and by instructing the patient as to the posture of the limb 
which should be maintained. 

Uitimate stability of the hip depends upon the development of cicatricial tissue at 
the lateral border of the new joint, and at the end of eight weeks this is generally quite 
secure. 

Luxation occurred in two of the writer’s cases, but was quickly detected and readily 
overcome by the simple manoeuvre of abducting the hip, in one case with the patient under 
an anaesthetic. In both cases it occurred within the first two weeks after the removal of 
the plaster. In spite of this complication, both patients made a good recovery and obtained 
good functional results. The reduction was maintained by the use of short plasters applied 
to both legs from the toes to below the knees and joined together by a bar to maintain 
abduction. They were made remov- 
able so that the hip could be freed 
for exercise each day. After treat- 
ment by this method for periods of 
from four to eight weeks, the patients 
were allowed to begin walking with 
crutches. In both cases eventual 
stabilization of the hip was aided by 
valcification of. the soft tissues at the 
lateral border of the acetabulum, 
which resulted in the formation of 4 
bony shelf. This suggests the possi- 
bility of forestalling nature’s method 
by implanting a bony shelf at the 
time of operation when the hip 
seems unusually unstable. 

RESULTS 

It seems unjustifiable to take 
the space to report the individual 
case histories of the nine patients 
a fe with ununited fractures of the neck 
Fic. 11-A of the femur upon whom the opera- 





Case 3. M.H. March 15, 1945. tion of trochanteric arthroplasty was 
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performed. Many had undergone previous operations elsewhere, and to narrate the en- 
tire history would unduly extend this article and exhaust the patience of the reader. It is 
hoped, therefore, that a summary of the results will suffice. 

Of the nine patients, excellent results were obtained in four and they are able to lead 





Fic. 11-B Fig. 11-C 





Fic. 11-D Fig. 11-E 


Roentgenograms taken during course of treatment. 

Fig. 11-B: First postoperative roentgenogram shows subluxation of cup from acetabulum 

Fig. 11-C: Shows replacement by abduction of the hip. 
_ Figs. 11-D and 11-E were made one year after arthroplasty. Patient walks with slight instabil- 
ity, and has free range of motion and moderate power of control. She uses a cane on the street 
The double cortical line of the femur is due to extensive xanthomatosis of the femur 
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Fic. 13-A Fic. 13-B 


Case 5. L.S. Patient, aged twenty-two, with old ununited fracture of the neck of the femur. It is 
now seven months since-the operation. The patient has been married, and is carrying on full 


domestic duties. 


normal lives. Of these, one has practically normal hip function and walks without a cane, 
while the others have only slightly less satisfactory results. Two are married and perform 
all their domestic duties, while the other two are working at jobs which require them not 
only to get to and from work by means of public transportation, but to be on their feet a 
large part of the day. 

The results in two of the patients are graded as good. One of these is a woman of 
sixty-five with a long history of vague articular disability preceding the fracture of her 
hip. She also had extensive xanthomatous changes in the bones of her lower extremities, 
verified by the pathologist of the hospital after examination of the bone tissue renfoved 
at operation. She has excellent function of the hip without pain, but walks with crutches 
when outside her apartment. 

The other patient, also a woman, aged sixty-two, before seeking relief, had endured 
the crippling effects of an ununited fracture of the neck of the femur for twenty-five years, 
but with increasing pain and disability. As a result of operation, she has obtained relief 
from pain and improved stability. She has limited mobility of her hip, but has been able to 


return to work in domestic service. . 
One patient, a man, aged fifty-one, sustained a fracture of the neck of the femur 
during military duty in August 1944. The fracture was reduced and nailed elsewhere 
With a resulting postoperative infection. The nail was later removed, but a draining sinus 
persisted for about one year. He presented himself in November 1945, walking with 
crutches, with a displaced ununited fracture and the head ankylosed in the acetabulum. 
Trochanterie arthroplasty was performed on November 8, 1945, and, in spite of penicillin 
therapy, a low-grade postoperative infection developed. The metallic foreign material 
was removed February 21, 1946, following which his wound slowly healed. When last’seen, 
on September 8, 1946, his wound had healed, and he was walking with a cane, without pain. 
There was limited mobility of his hip with about 30 degrees of flexion, 15 degrees of abduc- 


‘VOL. 29, NO. 2, APRIL 1947 





P. D. WILSON 


1e result was satisf 





d with the hip in al 


ing function and stre 


b 


4, 194€ 


2 





and has moc 


of 
_ 
= 
4 
~ 
> 
5 
ose 
— 
- 
“ 
_ 
= 
— 
- 
= 
— 


14-A 


Fic. 
April 22, 1946 


A recent case. 


Pe Se 


patient is now beginning to walk, 


Case 6. 
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tion, and an equal amount of adduction. The roentgenographic examination showed good 
stability with a good joint space, and there seemed to be an excellent prospect that the 
motion would increase. The patient was pleased with the improvement over his preoperative 
condition, but the result is graded as fair. 

There were two badesults. The first was in a man of elderly appearance, fifty-one 
years old, who consulted the writer in February 1943, two months after sustaining a frac- 
ture of the neck of the femur and a compression fracture of the second lumbar vertebra, 
when he was shocked and thrown to the ground while working on a high-voltage electric 
line in Trinidad. The fracture of his hip was reduced elsewhere and fixed by the insertion 
of four Kirschner wires. Upon arrival at the Hospital for Special Surgery, the roentgeno- 
graphic examination showed malposition of the fracture, with one wire penetrating the 
acetabulum and passing far into the pelvis. On February 27, 1943, operation was per- 
formed, with removal of the wires, realignment of the fracture, and fixation with a Smith- 
Petersen nail and a bone graft. The vertebral fracture was immobilized in a plaster jacket 
applied in hyperextension. The roentgenographic examination on March 11, 1944, showed 
non-union of the fractured hip with necrosis of the head fragment. Trochanterie arthro- 
plasty was performed on May 6, 1944. No complication occurred, but satisfactory mobility 
of the hip never developed, in spite of excellent appearance in the roentgenogram. Subse- 
quently, on January 28, 1946, because of limited mobility and persistent abduction de- 
formity with pain, another operation was done, with removal of the cup and.a fusion with 
nail fixation. From this procedure he obtained a good result. 

The second poor result was in a woman of over seventy, who, for nineteen years prior 
to injury of her hip, had suffered from rheumatoid arthritis with chief involvement of her 
hands, feet, and knees. Nevertheless, she had been able to get about and be independent. 
In January 1943, she fell out of bed during an attack of pneumonia, and fractured the. left 
hip. She was operated upon elsewhere, and the fracture was reduced and fixed witha nail. 
Non-union developed, with marked absorption of the fragments of the neck. In spite of 
her various disabilities, which included hypertension and an enlarged heart, she demanded 
to be operated upon in order to get back on her feet. She was considered a poor operative 
risk, but, in response to her pleas and those of her physician, the operation of trochanteric 
arthroplasty was reluctantly undertaken on February 11, 1944. She survived the opera- 
tion, but the postoperative course was stormy, with coronary thrombosis and extensive 
cardiac infarction and collapse. It was necessary to remove the plaster-of-Paris spica, 
with resulting luxation.of the hip for which nothing could be done. She was discharged 
from the hospital in a wheel chair some four months later, and she died shortly afterward. 

A summary of these nine cases, therefore, shows the results excellent in four, good 
in two, fair in one, and poor in two. Of the two poor results, one patient obtained a good 
result by hip fusion and the other died from five to six months after operation. Seven of 
the patients were women and two were men. The ages of the patients ranged from twenty- 
two to over seventy years, but most were between fifty and sixty years. 


DISCUSSION 


It should be made clear that the writer is not proposing trochanteric arthroplasty as 
the proper method of treating all ununited fractures of the neck of the femur. Excellent 
results have been obtained by bone-grafting procedures in some cases, and in others by the 
various methods of upper femoral osteotomy; but these methods are doomed to failure in 
"ases where there is clear evidence of necrosis of the femoral head, or when there has been 
extensive absorption of the neck. In such cases, improvement can be obtained only by 
removing the head fragment, and then performing either a fusion or an arthroplasty of 
the Whitman or trochanteric types. 

Of the joint reconstruction operations, the writer has found that trochanteric arthro- 
plasty has given the best results. The patients with the best results are able to walk with 
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a gait that approximates normal. Not all patients had such good results, but they haye 
been free from pain, and are able to walk, and are grateful because their condition has beep 
improved. Shortening has averaged about three-quarters of an inch. 

Trochanteric arthroplasty has two advantages over the usual arthroplasty of the 
femoral neck. First, it eliminates the neck of the femur and, for an angular thrust, it 
substitutes a direct vertical thrust in the axis of the femur. This simplifies the mechanies 
of hip function, and reduces the likelihood of instability due to insufficiency of the ilio- 
femoral muscles. Second, there is more abundant blood supply to the trochanter than to 
the femoral neck, and hence there is less chance of postoperative absorption of bone, whieh 
is frequently a troublesome feature after arthroplasty of the femoral neck. 

These advantages are sufficient to more than counterbalance the single disadvantage, 
which is the tendency to instability of the hip in the early postoperative period, and the 
necessity of taking certain precautions to guard against luxation. Perhaps eventually we 
will find a way to make these hips more stable by the surgical implantation of a bone shelf, 

While trochanteric arthroplasty is particularly indicated in the treatment of certain 
ununited fractures of the neck, experience shows it is of value in many other pathological 
conditions of the hip, especially those accompanied by destruction of the head and neck 
of the femur. This includes old fractures of the neck of the femur, in which union has been 
obtained, but where necrosis of the femoral head later developed, and old septic arthritis 
of the hip, in which there has occurred destruction of the head with luxation of the femur. 


DISCUSSION * 

Mr. Harry Piatt, MANCHESTER, ENGLAND: The few brief remarks I shall make concern sub- 
trochanteric osteotomy, which my colleague, McMurray, has practised for many years. Some time ago, 
when I knew I was coming to this Meeting, I asked him to give me the latest figures or late results of 
subtrochanteric osteotomy. There was great difficulty in tracing all of these cases, so I have taken just 
one or two simple facts from a letter which he sent me two days before I sailed. 

He practises this operation in recent fractures of the neck of the femur, and also in cases with 
non-union. In twenty-three cases of subtrochanteric osteotomy performed for recent fractures, bony 
union followed in all. McMurray makes no mention of remote complications, such as long-delayed 
avascular necrosis of the head. I feel that these osteotomies probably do play an important part in 
preventing avascular necrosis. 

McMurray wrote that, in more than sixty fractures in which subtrochanteric osteotomy had been 
done, he was very satisfied with the results as a whole, but that he had been unable to have two patients 
followed. 

My own experience with the operation is much more limited, because I feel. that there is no one 
standard operation for long-standing non-union. Subtrochanteric osteotomy has its place, and un- 
doubtedly other osteotomies affording much more secure fixation also have an important place. As Dr. 
Gill has shown, there are many people suffering from non-union who are better off with an arthrodesis. 
I still have great affection for the Whitman reconstruction operation. Subtrochanteric osteotomy is 
quite popular with my colleagues in Great Britain. It is a remarkably simple operation, but it is not 
always successful in my hands. It is not easy to displace the shaft of the femur in the right position. 
If there is a failure of union between the shaft and the upper part of the femur, one is left with a femur 
that is very difficult to reconstruct and very difficult to arthrodese. 

Dr. Cart E. Bapctey, ANN Arsor, Micuican: From the standpoint of the audience, I am sure | 
express the general feeling when I say how well this Symposium has been presented. To know that 300 
cases have been treated in Memphis with 86.5 per cent. having bony union, and aseptic necrosis devel- 
oping in 33.6 per cent., and traumatic arthritis in 14.6 per cent., leads us to conclude that, in spite of the 
excellence of these operations for the correction of fresh fractures, there are permanent complications 
which we must learn to correct. 


* Three papers included in this Symposium and mentioned in the Discussion were published in the 
January issue of The Journal: 

Boyp, H. B., anp Georce, I. L.: Complications of Fractures of the Neck of the Femur, pp. 13-18. 

SHerMan, M.S., anp PHemister, D. B.: The Pathology of Ununited Fractures of the Neck of the 
Femur, pp. 19-40. 

SmirH-Perersen, M. N.; Larson, Carrott B.; Aurranc, Orro E.; anp Law, W. ALEXANDER: Com- 
plications of Old Fractures of the Neck of the Femur. Results of Treatment by Vitallium-Mold 
Arthroplasty, pp. 41-48. 
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When I heard Dr. Sherman give her report on the pathological changes, I could not help but feel 
how important it is to understand the clinical pathology demonstrating the lesion. 

I think the problem consists of two factors: one of non-union, and one of degenerative changes. 
We have two approaches; we have correction where the fault lies, and we have the possibility of produc- 
ing another strain to correct that fault. My philosophy of the treatment in the past has been that I do 
not wish to produce another strain. My plan has been to correct the lesion at its point of occurrence. 
We have attempted to obtain union in ununited fractures with a bone graft. I know little about 
osteotomy, but I am amazed at the excellent results. I can recall Naughton Dunn saying in Chicago: 
“Why worry if I break a hip in America?” He went on to say that if he had a fresh fracture, he would 
let Smith-Petersen nail it, or he could have Goldthwait treat it. 

Dr. Paut C. CoLtonna, PHILADELPHIA, PENNSYLVANIA: I assume I was asked by your Chairman to 
take part in this discussion because of a trochanteric reconstruction operation that I originally presented 
as my thesis to this Association in 1935. 

As we have heard today, there are a number of surgical procedures that have been devised and 
which are available for dealing with the problem of ununited fracture of the neck of the femur. It would 
be wise to be familiar with the indications and contra-indications for each. To approach a decision 
regarding the type of operation to be selected for the individual case, one must first decide whether the 
head fragment can be saved, or whether the degree of aseptic necrosis requires its removal. My remarks 
will be restricted to the type of case in which removal of the head fragment is regarded as necessary. 

In March 1931, I did my first trochanteric reconstruction operation at Bellevue Hospital, and the 
results in this first patient were carefully examined for over a year before it was repeated on another 
patient in August 1932. To date, I have repeated the operation on over thirty patients, and a report on 
121 of these operations performed by different surgeons throughout the country was published in 
The Journal of Bone and Joint Surgery, July 1939. It was and still is recommended for those cases with 
frank non-union, marked aseptic necrosis of the head, and shortening of the extremity. The operation 
removes the necrotic head fragment, and places the greater trochanter of the femur deep into the 
acetabulum, after all of the neck fragment has been chiseled off. Stability is further assured by trans- 
planting the abductors downward into a prepared trough on the lateral surface of the shaft. The opera- 
tion intentionally avoids chiseling off the greater trochanter. It thereby produces a lengthening of an 
already shortened extremity. If the transplanted abductors are firmly anchored into the shaft of the 
femur, and adduction is guarded against by the simple expedient of keeping a hard pillow between the 
legs for the first few weeks after the plaster has been removed, any tendency to dislocation of the 
greater trochanter will be avoided. 

Therefore, the aim of this reconstruction operation has been: first, to convert an unstable hip into 
a stable one, and to produce a direct weight thrust when the patient is bearing weight; second, to obtain 
free mobility. This is obtained by preventing a fresh bony surface from being exposed to the cartilage 
of the acetabulum, as in the Whitman operation. The third object is to add length to an already 
shortened extremity. 

Dr. Smith-Petersen has kindly called his operation a “modification of the trochanteric reconstruc- 
tion” operation, and it seems to me that any procedure which ensures added length possesses a very 
desirable feature. I hope he will pardon my failure to see the necessity for introducing a cup, if there is 
absorption of the neck and necrosis of the head. It seems to me unnecessary, when one has a fibro- 
muscular covering of tissue over the area of the greater trochanter which fits against good articular 
cartilage of the acetabulum. In the procedure which I have been following, the approximation of these 
two structures of nature has certainly produced an excellent range of motion with stability. However, 
if there is a marked arthritis involving the joint space, I would prefer either the procedure described by 
Dr. Smith-Petersen this morning or an arthrodesis. 

Dr. Wilson has written me that his operation is similar to mine “but different”. I would agree to 
this distinction. After hearing his paper and seeing the slides, I would feel that his is rather a Whitman 
operation, with the introduction of a cup over the cut surface of the femur. I consider stability to be 
essential in any weight-bearing joint; but, in addition, I believe a wide range of controlled movement 
and lengthening of an already shortened extremity are also very desirable and much-to-be-sought-after 
features. 

Dr. Harotp B. Boyp, Mempuis, TENNESSEE: Dr. Harris has suggested that the presence of the 
Smith-Petersen nail may cause the triangular area of aseptic necrosis. The nail may be a contributing 
cause, but, in our opinion, it cannot be the sole cause. We have seen similar triangular areas of aseptic 
necrosis in the head of the femur following impacted fractures, in which union has been obtained without 
internal fixation, and following dislocations of the hip in which no fracture occurred. 

In our experience, bone-grafting of the neck of the femur has not shown any definite proof that the 
graft stimulated revascularization of the head of the femur. Sometimes, in the patient who appeared to 
have a living femoral head at the time of the bone graft, aseptic necrosis in the head later developed. 


(Continued on page 358) 
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LAMINECTOMY AND FORAMINOTOMY WITH CHIP FUSION 


OPERATIVE TREATMENT FOR THE RELIEF OF Low-BackK PAIN AND ScIATIC PAIN 
ASSOCIATED WITH SPONDYLOLISTHESIS 


BY HENRY BRIGGS, M.D., AND SIDNEY KEATS, M.D., EAST ORANGE, NEW JERSEY 
From the New Jersey Orthopaedic Hospital and Dispensary, Orange 


Forward gliding of the lumbar vertebrae, or “spondylolisthesi. ‘, has long been of 
special interest to the orthopaedic surgeon, but only as a congenital anomaly of the spine. 
Since the deformity was first recognized in four anatomical specimens and described by 
Killian in 1854, the literature has been replete with accurate descriptions of this condition. 
Etiological considerations still differ, however. Although most authors are agreed that the 
defect is congenital in origin, the pathogenesis of this condition continues to be a subject 
of controversy. In recent years, however, greater emphasis has been placed upon calling 
attention to the clinical manifestations of this deformity and to measures for the treatment 
thereof than upon theories of genesis. 

Spondylolisthesis is more than an anatomical curiosity; it is a fairly common cause 
of low-back pain, often with sciatic radiation. Caldwell has noted recently that, among 
those patients at his clinic with low-back symptoms severe enough to require medical 
attention, one out of every ten presented the deformity characteristic of spondylolisthesis. 
Meyerding’, too, has called attention to the rather frequent association of protruded inter- 
vertebral discs with spondylolisthesis. In our own study of patients with low-back pain 
and sciatic pain, we have often seen patients exhibiting this deformity, who, because of 
trauma, obesity, or occupational strain, presented disabling backache and pain in the legs. 

By the very nature of the deformity, chronicity of symptoms is the rule. The per- 
manency of the results following conservative treatment—such as immobilization or 
recumbency—has been notoriously poor; and patients with such backs continue to be sus- 
ceptible to trauma and not able to carry on routine physical activity. Recently, more 
thought has been given to operative measures for the treatment of spondylolisthesis. Since 
reduction is not possible, efforts have been directed chiefly at improving the support of the 
lumbosacral vertebrae, taking the stretch and strain off muscles and ligaments, and redue- 
ing the possibility of further progressive subluxation. Caldwell and others have noted that 
many of these patients fail to obtain complete relief of the backache and leg pain, despite 
roentgenographic evidence of solid bony fusion after operation. We have been concerned 
for some time with the development of an operative technique which will not only stabilize 

the lumbosacral junction, but will afford lasting relief from the disabling symptoms of 
backache and leg pain. 

To date, the authors have operated upon eighteen patients for the relief of backache 
and leg pain associated with spondylolisthesis, utilizing the technique described here. In 
determining the criteria for operation, we have paid more heed to the severity of the symp- 
toms than to the grades of displacement, as described by Meyerding*. It is the authors’ 
conviction that, for those patients who must work and whose condition permits, surgical 
intervention will afford the most lasting degree of relief from pain and will strengthen 
considerably a congenitally weak link in the vertebral column. Nine patients were sub- 
jected to a procedure which was essentially that of laminectomy, followed by a chip fusion 
of the involved segments; an additional nine patients, who had pain of sciatic radiation in 
addition to the low-back pain, were relieved by foraminotomy in combination with 
laminectomy and chip fusion. 


328 THE JOURNAL OF BONE AND JOINT SURGERY 








fift 
Thi 
the 
vig 


Wa 
tw 
are 
one 


on 
dir 
pel 
sne¢ 
rel 


ne: 
sat 
on 


se} 
de 





N 


been of 
€ spine. 
bed by 
ndition, 
hat the 
subject 
calling 
atment 


1 Cause 
among 
nedical 
sthesis. 
| inter- 
k pain 
use of 
e legs. 
e per- 
ion or 
ye SUs- 

more 
Since 
of the 
reduc- 
d that 
espite 
erned 
bilize 
ms of 


kache 
e. In 
ymp- 
thors’ 
‘gical 
rthen 
sub- 
sion 
on in 
with 





LAMINECTOMY AND FORAMINOTOMY 329 


ANALYSIS OF CLINICAL DATA 


Eight patients were women and ten were men. Their ages varied from thirteen to 
fifty-three years. In the youngest patient, the symptoms developed at the age of eleven. 
Three patients were under twenty, five were in their twenties, four in their thirties, five in 
their forties, and one was over fifty. Nine patients were employed in occupations entailing 
vigorous physical activity ; one patient was a housewife and another an office worker. 

Pain in the lower back was the outstanding complaint in all cases. Pain in the legs 
was described as severe in nine patients. Of those nine, pain in both legs was noted in only 
two cases, down the right leg in four, and in the left leg in three. Pain in the coccygeal 
area was present in three patients. The duration of pain before operation was less than 
one year in five cases, from one to four years in nine patients, and from five to ten years 
in two patients; two patients had had pain for as long as fifteen years. A definite, sudden 
onset of pain—usually due to a fall or to heavy lifting—was noted in eight patients; no 
direct attributable cause was known in ten. The pain was almost always described as 
periodic, rather than constant. Accentuation or precipitation of the pain by coughing, 
sneezing, or straining was noted only in two patients. Four patients had worn braces with 
relief of the low-back pain but not of the leg pain; this relief was only temporary. 

The knee-jerk or ankle-jerk response was diminished or absent in four cases. Numb- 
ness in the extremities was noted in five patients. 

The location of the spondylolisthesis was between the fifth lumbar vertebra and the 
sacrum in fourteen cases, and between the fourth and fifth lumbar vertebrae in one case; 
a “double” subluxation—fourth lumbar on fifth lumbar vertebra and fifth lumbar vertebra 
on the sacrum—was noted in two cases; and a forward gliding of a lumbarized first sacral 
segment on the second sacral vertebra was present in one case. An associated spina bifida 
defect in the sacrum was present in four of the patients. 

OPERATIVE TECHNIQUE 

The authors have approached the operative relief of low-back pain and sciatie pain, 
associated with spondylolisthesis, with the object of determining the cause of both the 
backache and the radiating pain. They have come to believe that it is necessary to examine 
the intervertebral dise and the nerve roots in this exploration. To explore the dise ade- 
quately a hemilaminectomy, or preferably a complete laminectomy of the loose laminae, 
is indicated. To explore the nerve roots, not only must the loose laminae be excised, but 
the inferior facet, usually the first sacral facet, and some of the contiguous pedicle must 
be removed. In other words, the intervertebral foramen must be completely unroofed by 
a foraminotomy, as described by Briggs and Krause. Following such an exploration, a 
fusion is necessary. A chip fusion, as described by Briggs and Milligan, has proved eom- 
pletely satisfactory. 

The cases have been arbitrarily divided into two groups for purposes of presentation. 
The first group comprises those patients who presented no history of leg pain, and at 
operation showed no evidence of root pressure. The operation thus consisted of a lami- 
hectomy of the unfused laminae, followed by a modified chip fusion. The technique of 
this operation is as follows: 

With the patient in a prone position, supported by sandbags under both ilia so that 
the abdomen is not compressed, pentothal sodium and nitrous oxide with oxygen are ad- 
ministered as an anaesthetic. The use of the sandbags prevents increased intra-abdominal 
pressure and markedly reduces the epidural bleeding. A longitudinal incision is made over 
the spinous processes, from the third lumbar vertebra to the mid-sacrum. A right-angle 
incision also is made, to expose the crest of the ilium. The iliac erest is denuded sub- 
periosteally, a section of the crest is removed, and a quantity of chips gouged out. These 
are saved for later use in the fusion. Experience indicates that it is wiser to prepare this 
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bone first, rather than leave it until the end of the operation. Returning to the mid-line 
the operator divides the supraspinous ligaments down to the spinous processes; and 4 
subperiosteal stripping of the spinous processes and laminae is carried out, starting over 
the lower sacral segments. Extreme caution must be observed if there is a spina bifidg 
defect of the sacral segments,—a fairly common anomaly associated with spondy lolisthesis, 
With bone-cutting forceps, the spinous processes of the exposed sacrum and the fifth lum- 
bar vertebra, and part of the spinous processes of the fourth and third lumbar vertebrae, 
are removed and broken up into small chips. With a rongeur, the movable portions of the 
laminae of the fifth lumbar vertebra are carefully removed from the underlying epidural] 
tissue. The ligamenta flava between the fourth and fifth lumbar vertebrae and the lumbo- 
sacral interval are completely removed. A search for nerve-root impingement is now car- 
ried out by exploring the disc, and by probing the course of the nerve roots with catheters, 

If there is no evidence of root compression, preparations for the fusion are made. The 
cartilaginous defect of the pars interarticularis or “isthmus” is thoroughly curetted until 
the raw surface of the pedicle stump is encountered. The cartilage of the articular facets 
between the fourth and fifth lumbar segments is then thoroughly curetted or denuded with 
a Hibbs rasp. These facets lie just superior to the pedicle stump. The exposed cortices of 
the laminae of the fourth lumbar vertebra are turned back to form buttresses for bone 
chips. The facets of the sacrum are then curetted and gouged out. The exposed laminae 
of the sacrum are denuded of cortical bone. All the chips thus removed are saved for the 
fusion. Epidural bleeding is controlled by small packs saturated with soluble thrombin. 
Fat or muscle tissue is used to cover the nerve roots that are exposed on both sides. The 
mass of chips accumulated from the stripping of the laminae and the fragmentation of the 
spinous processes and those removed from the ilium are now placed laterally on the bony 
bed, which extends from the buttresses of the fourth lamina to the sacrum, and over the 
dura in the mid-line. The smaller chips are placed on the dura, the larger chips super- 
ficially, and occasionally strips of the ilium are used laterally. Muscle and fascia are 
sutured with No. 00 chromic catgut; subcutaneous tissue is approximated with the same 
material, and the skin is closed with interrupted cotton sutures. A flat bandage of gauze is 
placed over the incision and covered with strips of adhesive. During the operation, the 
patient is given a continuous intravenous infusion of glucose in saline, and from 500 to 
1,000 cubic centimeters of whole blood. After the operation, the patient is placed on a 
rather firm bed in the recumbent position; prostigmine methylsulfate, in a strength of 1 to 
2,000, is administered intramuscularly every six hours for forty-eight hours to avoid dis- 
tressing abdominal distension. The patient is turned onto his abdomen or side several 
times a day. This tends to avoid the formation of pressure sores or necrosis of the wound 
edges. The wound is usually inspected at the end of four days, at which time a fresh 
dressing replaces the original stiff, blood-soaked dressing. At the end of from ten to 
fourteen days the sutures are removed; fresh dressings are applied; and a leather-covered 
steel support is fitted to the lower part of the back, which the patient wears while re- 
cumbent in bed. At the end of five or six weeks, the patient is permitted to get up, wearing 
the support. He is advised to continue to wear it for at least six months after the operation, 
and is cautioned to avoid stooping, heavy lifting, and vigorous physical activity during 
this period. Most patients are able to resume their usual occupations in from six months 
to a year after operation. 

The second arbitrary group of patients includes those who had a history of leg pain 
associated with the backache. Severe pain in the legs in this group of patients, who have 
the recognized deformity of spondylolisthesis, is indicative of nerve-root involvement, 
whether it be attributable to a pathological intervertebral disc or to soft-tissue and laminal 
pressure on stretched nerve roots. In the absence of direct pressure on the roots by 4 
herniated disc, a thorough exploration of the intervertebral foramina is necessary. Simple 
laminectomy alone, our experience has proved, is not adequate to relieve the oppression 
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of the roots. Therefore, in these patients the operation has consisted of a laminectomy, 
intervertebral foraminotomy, and surgical fusion. The foraminotomy is performed on the 
side of the sciatic pain; in patients with pain in both legs, a bilateral foraminotomy is 
performed. Of the nine cases in which intervertebral foraminotomy was performed, four 
operations were bilateral, two were on the right, and three on the left side. The operative 
technique is well illustrated by the following case: 


F. G., a white female factory worker, aged twenty-two, came to the Clinic for relief of a disabling 
backache of twelve years’ duration. Following a fall while roller-skating eight months previously, the 
backache had become more persistent and pain radiated into both buttocks. There was frequent numb- 
ness in both feet, and coughing initiated stabbing pains in both buttocks. Examination revealed increased 
lumbar lordosis and undue prominence of the fifth lumbar spine, which was tender to digital pressure. 
The patellar and tendo calcaneus reflexes were normal. There were no changes in perception to pinprick 
or to a light touch. There was some atrophy of the left calf. Anteroposterior and lateral roentgenograms 
disclosed a defect in the neural arch of the fifth lumbar vertebra, diminished transverse diameter and 
posterior wedging of the vertebra, and forward displacement of the fifth lumbar vertebra on the sacrum 
A diagnosis of spondylolisthesis was evident. Because of the long history of backache, and the severity 
of the pain, which had disabled the patient so that she had been unable to work for several months, an 
operation was recommended. 

Through the customary mid-line incision, the laminae of the fourth and fifth lumbar vertebrae and 
the sacrum were exposed in the usual manner. The lamina of the fifth lumbar vertebra was noticeably 
loose, and was not fused with its pedicle. This lamina was split in the mid-line and completely removed 
by carefully reflecting the epidural tissue from its surface. A thorough examination was then made for 
the oppressing medium causing the sciatic pain, by probing the course of the nerve roots. There was no 
evidence of any pressure by a pathological intervertebral disc. The first sacral nerve root was explored 
as it passed through its foramina; these channels were definitely narrowed in caliber. The left root 
appeared to be angulated and compressed over the posterior aspect of the body of the first sacral segment. 
The roof of this foramen was carefully removed with a sharp osteotome and curette, whereupon the 
nerve root seemed to bulge out and expand. The pedicle and the facet were then thoroughly curetted 
and gouged out. On the right side, a similar unroofing of the foramen was accomplished, and the superior 
rim of the bony border of the sacral foramen was removed. The nerve root then appeared to be taking 
amore direct route outward. The exposed roots were covered with fat, and a chip fusion was performed 
in the routine manner, care being exerted to cover the area of the exposed dura and roots with rather 
small, flat bone chips. Convalescence was uneventful, and the patient followed the usual postoperative 
routine. She was discharged from the Hospital on the forty-third day after operation, symptom free, 
wearing a low-back support. The patient returned to her factory work seven months after the operation. 
She has been followed in the Clinic at three-month intervals for two years since the operation, has 
remained symptom free, and has been able to continue her usual occupational activities. 


RESULTS 


All of the patients in the series have been followed for periods ranging from three 
months to sixty-six months after operation. These patients have been examined regularly 
at short intervals during this time by the senior author. Certain definite conclusions can 
be drawn from an analysis of each individual patient as he returned to normal routine 
activities after the operation. 

In the first group of patients—those who presented uncomplicated low-back pain and 
who were subjected to a technique of laminectomy followed by a chip fusion—the results 
were as follows: 

Case 1. H. B., a factory foreman, who had had pain in his back for ten years before operation, was 
last seen sixty-six months after the operation. He stated that his pain had been entirely relieved, that 
he was working without a brace, and that he felt very pleased with the result obtained. 

Case 2. J. G., a practical nurse, was last examined eighteen months after operation, and at that time 
she reported a complete absence of pain in the lower part of the back; she did have a feeling of weakness 
in the left leg, however. She had found steady employment as a nurse, and had discarded her back 
Support several months before. 

Case 3. J. S., a factory worker, when last interviewed forty-four months after operation, was em- 
ployed in a factory, lifting heavy cans, and had no pain of any consequence. 

Case 4. D. D., who was examined forty-three months after operation, stated that she was able to do 
her housework without pain and without benefit of a low-back support. 
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Case 5. J.S., a glass grinder, had an uneventful postoperative course and was discharged from the 
Hospital on an ambulatory basis, wearing a low-back brace. The patient was not conscientious in his 
follow-up visits, but when last heard from he had no discomfort in the lower part of his back. 

Case 6. A. G. was seen forty-four months after operation. At that time she was doing her house. 
work without pain and had long since discarded her back support. 

Cass 7. J.S., a mason, was examined forty-six months after operation. He stated that he had beep 
working ten or twelve hours daily as a bartender, and in his spare time worked as a mason. He had no 
pain in the lower part of his back, but did notice an occasional cramp in the back of the legs. He no 
longer wore his brace. 

Case 8. G. G., a thirteen-year-old schoolgirl, was relieved of her backache for six months after q 
laminectomy and chip fusion. At the end of that time, she began to suffer pain of left sciatic radiation, 
A foraminotomy of the fifth lumbar intervertebral foramen was subsequently performed, with a revision 
of the fusion on the left side. The patient was able to leave the Hospital without symptoms, on the 
fourteenth day after operation, without low-back support. When examined, six weeks later, she was 
back in school and had no discomfort in the baci or legs. 

Case 9. J. P., when seen six months after the operation, was feeling well. He had no pain and was 
ready-to discard his brace and return to work. 


The second group of patients—those with excruciating leg pain as well as backache— 
were relieved by a technique consisting of foraminotomy for the relief of nerve-root oppres- 
sion, as well as laminectomy and chip fusion. The results in these cases were as follows: 


Case 10. C. A., a young housewife, who had had “double subluxation” and severe right sciatic pain 
before operation, was examined twenty-one months after the operation. She stated that she had been 





Fic. 1 Fic. 2 

Fig.1: Case 11. S. A., aged thirty-four, presented a two-year history of backache and bilateral 
leg pain of sciatic distribution, after he experienced a severe wrench of his back while pulling 4 
crane. Roentgenograms showed the typical pedicle defect of the fifth lumbar vertebra, with slight 
forward displacement of the body of that vertebra on the sacrum. The degree of displacement was 
more pronounced in roentgenograms taken with the patient standing. There is an associated spina 
bifida defect. The patient was completely relieved of pain after foraminotomy and laminectomy 
of the fifth lumbar vertebra, and a chip fusion augmented by cancellous bone from the iliac crests. 
These procedures were carried out on November 28, 1945. 

Fig. 2: Roentgenograms, four weeks after operation, illustrated the extent of the foraminotomy 
and the application of the mass of bone chips, with obliteration of the pedicle defect. When last 
examined, on September 18, 1946, the patient had returned to work and was completely free of pain. 
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able to do all of her heavy housework without pain in the back or legs, and had long since discarded 
her support. 

Case 11. S. A., a house painter, was subjected to a bilateral foraminotomy, followed by fusion. 
When seen, four months later, he was entirely relieved of the pain in the back and legs, but had occa- 
sional feelings of weakness and vertigo. He was still wearing his brace. 

Case 12. W. B., a carpenter, who had had a bilateral foraminotomy, was last seen thirteen months 
after the operation. He reported that he was able to do a full day’s work without pain, and that he had 
discarded his brace. 

Case 13. E. E., a laborer, was relieved of pain by a bilateral foraminotomy. He has not been fol- 
lowed regularly, but when last heard from, some months after the operation, he was back at work. 

Case 14. C. G. was subjected to a foraminotomy and fusion of the left fifth lumbar vertebra. Al- 
though his leg pain was relieved, he had persistent low-back pain. Roentgenograms showed an incom- 
plete fusion with pseudarthrosis between the fourth and fifth lumbar vertebrae. A revision of the graft 
was performed, and the patient was soon able to return to work and was free of pain. 

Case 15. F. W., a clerk, forty-seven years old, was relieved of her leg pain by excision of a protrud- 
ing fifth lumbar disc and a partial foraminotomy. Because of the patient’s poor condition during the 
operation, it was not possible to do an adequate fusion. She has been relieved of her leg pain, however, 
and is scheduled to return for a fusion of the involved segments. 

Case 16. G. N., a mason, who had suffered from backache for fifteen years and presented a “double 
subluxation” of the bodies of the lumbar vertebrae, had a foraminotomy at both the fourth and fifth 
lumbar foramina on the left side, followed by fusion. He has not had a recurrence of the disabling leg 
pain or backache in the eleven months since the operation. 

Case 17. E. W., a sixteen-year-old schoolgirl, presented an unusual deformity. Roentgenograms 
revealed a complete subluxation of the fifth lumbar vertebra, with the body of this vertebra reposed 
anterior to the sacrum. The patient had suffered from severe backaches for two years, and had excruciat- 
ing pain of right sciatic radiation. A foraminotomy was performed and the first sacral nerve root was 
decompressed. A fusion was not performed at the time, because of the patient’s poor condition. She had 
some difficulty with bladder control after the operation, but has had complete relief of the backache and 
leg pain. She was discharged six weeks after the operation without pain and wearing no brace. When 
examined three months after the operation, the patient was asymptomatic, bladder control had returned, 
and she was attending school regularly. 

Case 18. F. G., a young factory worker, presented severe bilateral leg pain of sciatic radiation. She 
was subjected to a bilateral foraminotomy and fusion. When seen thirteen months after the operation, 
she complained of only occasional backache. The leg pain had been entirely relieved, and she was 
working regularly. 


DISCUSSION 


The relief, by operative measures, of backache and sciatic pain associated with 
spondylolisthesis poses several interesting problems. Although there have been no accurate 
descriptions of the mechanism of the backache connected with this deformity, most ob- 
servers are satisfied that the instability of the involved vertebral segments is the basic 
factor behind the associated low-back pain. It is generally accepted that immobilization 
of these segments by a surgical fusion is essential for the relief of the pain; and many such 
methods of fusion, through both anterior and posterior approaches, have been proposed. 
A modified chip fusion, as described by the senior author, the iliac crests being used: to 
augment the mass of bone when necessary, has proved a most satisfactory procedure. By 
careful application of the bone chips to the prepared pedicle base, a firrfi anchor to the 
anterior segments of the defect is obtained. In addition, a large quantity of bone chips can 
be placed over the exposed dura and nerve roots with relative impunity, if they are first 
covered with muscle or fat. 

The mechanism of the leg pain associated with spondylolisthesis is not clear. Pressure 
on herve roots by protrusion of intervertebral discs as a cause of sciatic pain must be 
recognized. In only one of the nine patients presenting severe leg pain was the finding 
made of clear-cut oppression of a root by a protruding intervertebral disc. In the remain- 
Ing cases, definite pathological changes in the intervertebral foramina probably accounted 
for the leg pain. We are not in a position as yet to place the guilt definitely either on a 
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stretching of the nerve roots, on pressure of the roots by unattached posterior elements of 
the defect and soft tissue, or on a combination of both. We have noted on three occasions. 
however, in explorations of the foramina, that, upon unroofing the intervertebral foram- 
ina, the liberated roots seemed to bulge out and expand, and appeared to take a more 
direct route peripherally. It may well be that the roots are angulated and compressed 
over the posterior rim of the body of the first sacral segment. At any rate, complete relief 
of pain was accomplished by foraminotomy. Surgical fusion alone will not relieve sciatic 
pain. We are of the opinion, then, that relief of sciatic pain in spondylolisthesis can be 
satisfactorily obtained by laminectomy and intervertebral foraminotomy in conjunction 
with a modified chip fusion. A broad analysis of the cases presented leads us to believe 
that, by the operative technique in the treatment of spondylolisthesis described here, the 
following results can be obtained: 

1. Relief of backache and pain of sciatic radiation. 

2. Stabilization of a congenitally weak and troublesome link in the vertebral column, 

3. Rehabilitation of these patients to the point where they can follow their occupa- 
tional endeavors,—manual or sedentary. 

4. Elimination of permanent cumbersome braces. 

There is, too, every indication to believe, after months of follow-up study, that per- 
manent good results ean be achieved. 


CONCLUSIONS 


Backache and severe leg pain, associated with spondylolisthesis, can be relieved by 
surgical methods, as shown by the eighteen cases presented. The technique of operation 
is concerned with two principal problems: first, stabilization of the weak link in the spinal 
column to relieve tension and strain on the associated muscles and ligaments and to pre- 
vent further progression of the subluxation; and, second, relief of the nerve-root oppression 
responsible for the sciatic pain. Nerve-root pressure was accounted for by a protruded 
intervertebral disc in only one of the nine cases of sciatica; the remaining eight patients 
were relieved of pain when the involved intervertebral foramina were unroofed. The 
operative technique which appears to offer the greatest permanent benefit and the most 
dramatic relief of pain is a combination of laminectomy, intervertebral foraminotomy, 
and chip fusion. 
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FIXATION OF BONES BY PLATES AND SCREWS 


BY LEONARD T. PETERSON”, M.D., WASHINGTON, D. C. 


Internal fixation of bones by plates and screws depends for its success upon suitable 
materials and proper operative technique. During World War II, the Office of The Surgeon 
General endeavored to have improved bone plates and screws developed. In this endeavor, 
a number of individuals and agencies played a part, notably the National Bureau of 
Standards, whose scientists conducted extensive experiments on the strength and quality 
of materials and on the holding power of screws in bone. They examined and tested over 
twenty bone plates and screws which had had to be removed from patients in Army hos- 
pitals because of failure, either by bending or breaking, in some instances associated with 
corrosion of the plates or screws. It is the purpose of this paper to outline briefly the 
background for and the present status of this development with special reference to the 
clinical application of new designs, tentatively adopted under Army specifications. The 
present design of plates and screws is based on mechanical principles, and is supported by 
a short period of clinical trial in a number of Army hospitals. Further clinical experience 
will be of value in the preparation of a new commercial standard to supersede Commercial 
Standard CS 37-31, dated March 23, 1932. Since the tentative Army specifications will 
probably influence the manufacturing and procurement of plates and screws, this informa- 
tion is of interest both to the medical profession and to the manufacturer. It is hoped that 
it will contribute to the adoption of more uniform standards in material and design. 

Metal used in the fixation of bones should possess certain chemical properties which 
will not result in physiological disturbances in the body. It is not the purpose of this paper to 
discuss the chemistry of the various alloys. Before the War, the Army adopted as a stand- 
ard the steel known as 18-8 SMo, because it is inert in body tissue, is superior in strength, 
is constant in composition, and possesses physical properties which make it resistant to 
fatigue and breakage. The designation 18-8 SMo (sometimes incorrectly written as 
S-M-O) is applied to a range of high-alloy stainless steels with a chromium content of 
approximately 18 per cent. (ranging from about 15 to 19 per cent.), a nickel content of 
approximately 8 per cent. (ranging from about 8 to 14 per cent.), and a molybdenum 
content of about 2 to 4 per cent. The molybdenum increases the strength of the alloy and 
its resistance to corrosion. Other elements are within certain prescribed limits. 

To prevent electrolytic action between screws and plates, it is necessary to specify 
even narrower limits of these alloying elements, and to limit the amount of certain impuri- 
ties. Extensive investigations have shown that an alloy meeting the specifications given in 
Table I has adequate strength, and will ensure against harmful corrosion by the body 
fluids, provided it is cold-worked to meet the hardness specification. It can be seen from 
Table I that the formula specified for plates and screws would be more correctly expressed 
as 18-12 SMo, since the content of nickel is limited to 10 to 14 per cent., but the general 
term 18-8 is still used. Steel designated as 18-8 stainless, but without Mo, is not of the same 
composition, is inferior to SMo for this purpose, and should not be used in conjunction with 
SMo. The superior chemical and physical qualities of the 18-8 SMo for internal fixation 
Were confirmed in a report published in 1945 by the Subcommittee on Bone Plates and 
Screws of the Committee on Fractures and Other Traumas, American College of Surgeons!. 

The importance of the proper chemical composition to render metal inert in the body 
has, in recent years, overshadowed the existing need for improved designs and for new and 
more rigid specifications in the manufacturing of plates and screws. Consequently, many 

* Formerly Colonel in the Medical Corps, United States Army; and Orthopaedic Consultant, Office 
of The Surgeon General. 
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TABLE I 
SPECIFICATIONS FoR 18-8 SMo* ror PLATES AND SCREWS 











Metal Per Cent, 
Chromium ..... Nee denice tearatnseewnes aes haean aeaph wk ann 17 to % 
I ae a. sin hd ine eer 04 Pe eee at 10 to 14 
Molybdenum ..... OY eton Reie AOE aa ae SI ee Pa ee See Cree 2 to 4 
Manganese ........... Sab PaO Peer re nore sescececeseeee. NOt more than 2 
ae FN TE Oe i ee See ae LE re dy ae ee ... Not more than 0.75 
A Oe re a ee a ee Ree aoe Not more than 0.08 
Phosphorus ..... Re er OES RO ee ee ee ee, f 
Sumer ........... hi Soe een eee Raa vecescesseeses.--. Not more than 003 
mee ics. aie Dinka e 5 ; Li Demeter dene sean vt ceearbeaes see is ie Remainder 











* For use in plates and screws, it must be cold-worked to a Rockwell hardness between C-30 and C-35. 


defective items have been produced, and the following deficiencies in physical charae- 
teristics and design have been observed: 


DEFICIENCIES NOTED IN PLATES 


1. Improper Design of Plate: The mid-section of the commercial Sherman plate is 
one of the narrowest parts and the weakest part of the plate, whereas it should be the 
strongest. Furthermore, this mid-section is so long in proportion to its cross-section area 
that it renders the plate too flexible for rigid fixation of the bone, in spite of proper opera- 
tive technique and firm fixation of the screws. Many plates, bent or broken in the mid- 
section, have had to be removed from patients in both military and civilian practice. In 
this respect, it should be noted that the original patent (1914) of the Sherman plate pro- 
vided for a thicker as well as a wider mid-section than was subsequently adopted, al- 
though there is no apparent reason for the change to the weaker design. The catenoid 
design, found in the Sherman plate, provides for more uniform bending than in the case 
of a plate which is straight throughout, since the straight plate tends to bend more sharply 
at the screw holes. 

2. Variable Hardness in the Metal: The hardness has varied, especially among 
manufacturers, from Rockwell B-80 to C-35;. The former, softer metal is not rigid enough 
to meet requirements. In so far as possible, the hardness should be uniform, since a varia- 
tion in hardness has had the same effect as variable composition in producing electro- 
chemical reactions. In some corroded plates and screws examined at the National Bureau 
of Standards, the corrosion occurred between soft screws and hard plates, both of satis- 
factory chemical composition. Therefore, a uniform hardness of Rockwell C-30 to C-35 
has been adopted for the finished plates and screws. 

3. Improper Manufacturing and Inspection: This includes improper curvature of 
the plate, wrong shape of countersink so that the screw head does not fit the hole in the 
plate, and variable-sized holes. 


DEFICIENCIES NOTED IN SCREWS 


1. Examination by the National Bureau of Standards of more than 600 screws, 
obtained from several manufacturers, revealed marked variations, as follows: 


(a) Major diameter of screw 0.132 to 0.148 inch 
(b) Depth of thread 0.015 to 0.028 inch 
(c) Width of thread crest 0.003 to 0.009 inch 
(d) Width of space root of thread 0.002 to 0.029 inch 
(e) Root diameter 0.086 to 0.108 inch 


The combination of variable-sized screws and variable-sized holes in the plate sometimes 
resulted in screws which would pass through some, but not all, holes in the same plate. 

+ The designation Rockwell hardness refers to the hardness of a metal, as measured on an arbitrary 
scale, by its resistance to indentation by a sphero-conical point. The degree of hardness is correlated 
with the strength of the material. 
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For good internal fixation, there must be a close correlation between the holes in the plates, 
the diameter of the drill point, and the root and major diameter of the serew. 

2. Poor Thread-Cutting Qualities of the Screw: Flutes in self-tapping screws have 
in many cases been little more than grooves or notches, with little or no tapping quality. 
Many screws furnished the Army by one large manufacturer had very defective flutes, 
inasmuch as the metal cut from the flutes had accumulated in the threads, thereby render- 
ing the screws unfit to properly cut thread in the bone. The flutes have often been un- 
necessarily long and wide, thereby sacrificing much of the thread and reducing the 
holding power of the distal end of the screw. 

3. Improper Design of the Head: The standard slotted head is inadequate and does 
not furnish firm enough anchorage for a screw driver, causing the screw driver to slip out 
of place and to damage the head. This is particularly troublesome in the removal of 
screws which are tight. Self-retaining screw drivers are often not exact enough to allow 
the screw to follow its proper course, and are of no value in the final turns on insertion or 
in the initial turns at the time of removal of the screw. The Phillips recessed head, which 
has proved very popular in industry, cannot be produced economically in 18-8 SMo be- 
cause of the hardness of this steel. The screw head to be described here is made by a 
different process, and has been developed to meet this difficulty. The taper of the head 
should be of proper shape to match the corresponding shape of the countersink in the plate. 
Wide variations have existed in these dimensions. 

In discussing the design of the screw, the coarseness of the thread (threads per inch) 
must be considered. There is a common belief, as yet neither proved nor disproved, that 
coarse thread—for example, eighteen per inch—has better holding power in bone than 
fine thread, such as thirty-two per inch. Extensive tests on cortical, as well as cancellous, 
portions of fresh animal bones under carefully controlled conditions failed to show any 
significant difference in the initial holding power of screws with fine and coarse threads in 
each type of bone. In these tests, the Bureau of Standards designed a torque meter to 
measure the force required for the insertion of screws. Holes were drilled under mechanical 
control, and the holding power was tested by a standard pulling machine. As far as is 
known, the relative holding power of different threads has not been determined in living 
bones under conditions of a constant known pulling force. Successful preliminary tests of 
this nature have been conducted in animals, and further experimental work is contem- 
plated. At a later date it may be necessary to revise the specifications for threads, but at 
present, for lack of evidence to the contrary, the Army has elected to continue the use of 
fine-threaded screws (thirty-two per inch) which is the commercial standard thread for 
the diameter involved. 


DRILL POINTS 


A discussion of screws and plates would not be complete without reference to drill 
points. The quality of the ordinary steel drill points, commonly used in bone surgery, 
has been such that drills have frequently broken, thereby preventing the proper insertion 
of a serew and often necessitating leaving a fragment of drill in place. The fact that a 
fragment is left means that dissimilar metals are present and an electrolytic reaction is 
established. 

Another difficulty is that of selecting a drill of the proper size. The size is usually 
difficult to read, and the relation between the size of the drill point and the particular 
screw to be used may be unknown to the surgeon or the operating-room personnel. The 
size of the drill point must be somewhere between the root diameter and the maximum 
diameter of the screw. If it is equal to or less than the root diameter, extreme force will be 
required for insertion of the screws, and undesirable pressure will probably result. If the 
diameter of the drill point equals the root diameter of the screw, it is probably desirable 
to pretap the thread. This would give the maximum depth of thread, but this procedure 
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Details of modified Sherman plate with wide mid-section. The dimensions apply to Plate B, 


Table II. Note that the countersink has the same angle (80 to 82 degrees) as the screw head 
in Fig. 2. 


is seldom done in bone surgery, because pretapping adds one additional step to the insertion 
of each screw. If the drill point is too large in relation to the root diameter, the threads 
will be shallow and the holding power will be decreased proportionately. It is apparent, 
therefore, that the optimum diameter of the drill point is constant for a screw of a 
certain size. 

In order to correct the above deficiencies, a drill point has been made of 18-8 SMo— 
the same material, but slightly harder than the plates and screws—with a diameter of 
0.110 inch (No. 35), which is considered the optimum size for the screw in question (Fig. 
3, B). This drill point can be bent, but is unbreakable. The length is distinctive, so that 
it will not be confused with other drill points of approximately the same size. The spiral 
is long enough to permit drilling the cortex, and yet not long enough to enlarge the hole in 
the proximal cortex as the distal cortex is drilled. The relief, or small ledge, found on 
standard drill flutes is also omitted in this drill point. 


NEW PLATES 

In order to simplify the manufacture and supply of plates, six sizes have been adopted, 
since these include all the essential lengths previously provided in eleven sizes. 

The design of the Sherman plate has been modified (Fig. 1) by increasing the width of 
the mid-section to the maximum width of the plate at the screw holes. This change in- 
creases the strength and rigidity of this section, which spans the fracture site, by approxi- 
mately two and one-half times that of the former plate of the same composition and 
hardness. Comparison of the bending moment of the two plates showed a ratio of 11 to 28, 
in favor of the new plate, in producing a deflection of 0.010 inch under similar conditions. 
Since the physical properties of this metal are constant, the strength of the plate at any 
point is in direct relation to the dimensions and shape of the cross section. This plate is 
very strong and rigid, but can still be bent as required by bending irons. The design is not 
original, since it is similar to that previously adopted in Canada. The Canadian plate is 
made of a different alloy, however (the hardness was Rockwell C-12 to C-21 on the sample 
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Fic. 2 


Details of screw with cruciate head and improved cutting flutes. Inset shows pilot point, reduced 
to the diameter of the drill. (Complete specifications include some details not shown.) 


tested), and the plate is, therefore, considerably larger and heavier than the plate made of 
18-8 SMo of the specified hardness. 

The thickness of the individual plate is uniform throughout. The length of the mid- 
section is limited to one and three-eighths inches in the longest plate, whereas it was for- 
merly two and five thirty-seconds inches in the No. 0 plate. If the edges of the plate do 
not bear on the surface of the bone, it can rock sideways on the bone, even when screwed 
tightly to it. This produces varying bending stresses in the screws, which can cause them 
to fail by fatigue. Some of the broken screws examined at the National Bureau of Stand- 
ards showed failure, typical of fatigue in bending. For that reason the radius of curvature 
of the plate should be smaller than the radius of curvature of the bone to be plated, to 
ensure that the edges of the plate bear on the surface of the bone. Some plates examined 
had radii as great as one inch, although three-eighths of an inch was specified. A radius of 
three-eighths of an inch, the same as previously, is specified for the four larger plates. For 
the two smaller plates, one-quarter inch is specified, to adapt them to the smaller bones on 
which they are used. The size of the holes and the angle and depth of the countersink have 
been specified with exact tolerances, as illustrated. 


NEW SCREWS 
In order to correct existing faults in screws, exact dimensions and tolerances have 
been established for the major diameter, root diameter, threads, flutes, and head (Fig. 2). 
The flutes, two in number, are short, deep, and of excellent cutting quality; they displace 
only one-half the area of the two distal threads, thereby preserving the maximum amount 


TABLE II 
SPECIFICATIONS FOR NEW PLATES 

: Old-Style = Meher i Maximum Width 
New Plate of Length Thickness No. of Width Between Holes Radius 
Size SameLength (41/16 Inch) (40015 Inch) Holes (40015 Inch) (40.015 Inch) (Unches) 
A 00,0 5 %o 0.095 6 0.406 0.260 a 

B 1,2,3 41%o 0.095 6 0.406 0.215 sr 

C 4 32140 0.065 4 0.375 0.146 3% 

D 5, 6, 614 3% 0.065 4 0.375 0.146 3 


(Approxi- 
mately) 
E 7 2.227 0.065 0.336 0.125 \% 
F 8 1.960 0.065 4 0.336 0.125 4 


_ 
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Shows equipment for application of plates and screws. 
A: Drill guide for proper centering of hole in relation to the plate. 
B: Drill of proper size for self-tapping screws, shown in Fig. 2. 
C: Drill slightly larger than outside diameter of screw, to be used 


in proximal cortex when the threads do not engage this cortex. 
D: Screw driver for the cruciate head. 
E: Countersink. The point has the same taper as the screw head, 
and permits it to be inserted deeper into the bone. 


of thread for fixation. The value of flutes has been controversial, but they are considered 
essential for proper thread cutting. The flutes described will readily cut thread in the 
maximum thickness of cortex encountered in man. If an unusually thick cortex is en- 
countered, as in a laboratory trial with heavy animal bone, the flutes become filled with 
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Fia. 4 
Technique employed in plate fixation. 

A: The use of the drill guide ensures the proper centering of the screw in relation to the hole in 
the plate. 

B: After the hole has been started, the guide is removed, and the hole is drilled through one or both 
cortices. If the guide is kept in place, it will tend to become filled with bone chips. 

C: A screw, properly centered and perpendicular to the plate. The head of the screw fits the 
countersink accurately. 

D: A screw inserted at an angle. The threads are likely to be damaged by the edge of the plate. 
The head comes into contact with the plate at only one point, instead of uniformly, us in C. 

E: A screw inserted perpendicularly, but eccentric to the hole in the plate. This is common if a 
drill guide is not employed. The threads are likely to be damaged if sufficiently eccentric, since 
the clearance between screw and plate is only from 0.009 to 0.020 inch. 

F: As the screw in E£ is tightened, the head will be forced into the countersink in the plate. This 
lateral force on the screw tends to cause excess pressure and to strip the threads already cut in 
the bone, as illustrated in Fig. 11. 








Fia. 5 


Technique in plate and screw fixation. 
A: A long screw without pilot point has been inserted at a slight angle in relation to the drill hole. 
This is common in actual practice. The point may completely miss the hole or it may hit it 
eccentrically. Then, as it is forced into line, it will tend to strip the threads already cut in the 


proximal cortex. 

B: A screw with the pilot point. The tip accurately fits the drill hole and tends to direct the screw 
properly. Furthermore, it holds the screw, so that it may be more easily controlled without the 
use of a screw-holding device on the screw driver. A longer pilot point would be more effective 
for both purposes, but this portion of the screw does not engage the bone. 

C: A long pilot-point screw, properly centered and of optimum length. 

D: After both cortices have been drilled with a No. 35 drill, the hole in the proximal cortex has been 
enlarged by a No. 27 drill (0.144 inch) so that the threads engage only the distal cortex. In this 
case the whole screw acts as a pilot point. This method makes possible the impaction of frag- 
ments when the screw is tightened. 

E: Two fragments of bone, fixed with a screw without use of a plate. The hole in the proximal 
cortex has been countersunk (Fig. 3, #). This avoids the tendency for the tapered head to split 
the bone, and also makes the head less prominent. 

F: The proximal hole has been both enlarged as in D, and countersunk as in EF, and permits impac- 
tion of the fragments. Methods EF and F are applicable in fixation of fragments and of onlay 
bone grafts. 


bone after cutting part way; and insertion of the screw becomes increasingly difficult 
beyond this point. If the screw is then withdrawn, cleaned, and reinserted, the remaining 
bone will be tapped as easily as the first portion. This demonstrates the value of flutes of 
good quality. 

The cruciate type of screw head illustrated in Figure 2, designed by Mr. J. G. Collison, 
provides firm anchorage for the screw driver, possesses advantages similar to the Phillips 
head, and does not require a screw-holding device. The cruciate slots in the head deseribe 
the same are as the point of the screw driver (Fig. 3, D). Therefore, angulation of the 
screw driver results in a universal-joint action with the screw head; and the screw will 
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Fic, 6 Fic. 7 

Fig.6: The succeeding illustrations were prepared with the use of a specimen of dried beef 
bone, measuring nearly one-half inch in thickness, to show details of screw fixation. In this 
illustration the tip of the screw, properly centered in the drill hole, is shown emerging from the 
bone. (Negative No. 98151, Army Institute of Pathology.) 

Fig.7: The tip of the screw, improperly centered, is shown emerging from the bone at an 
angle. Note that the screw does not engage the bone on one side, while it is breaking the bone 
away on the opposite side, where it is forced too deep beyond the drill hole. (Negative No. 
98150, Army Institute of Pathology.) 


tend to tap and seat itself in line with the drill hole, and will not be forced out of line, as 
happens with angulation of a rigid screw-holding driver. 

An optional feature, known as the pilot point, has been provided in the screws. The 
distal two or two and one-half threads are reduced to the size of a No. 35 drill (0.110 inch), 
or the exact size of the hole in the bone. This has the advantage of permitting the place- 
ment of the screw in the bone without a holding device, in preparation for its further 
insertion. It has the further advantage of starting the screw in the proper direction, so 
that it will follow the center of the proximal hole and hit the center of the hole in the 
distal cortex. This avoids the common error of hitting the distal hole eecentrically and 
thereby forcing the screw into line under pressure, with resulting strain and damage to the 
threads (Figs. 5, A and B, and 11). In the pilot point the reduced threads do not, of course, 
engage the bone; and this length of the screw is not effective, except as the point may help 
stabilize the screw where it passes into, but not through, the distal cortex. Where the distal 
cortex is completely engaged by the threaded portion of the screw, the point must project 
beyond the cortex approximately one-sixteenth of an inch farther than with the conven- 
tional screw; and allowance must be made for this extra length in the selection of a screw. 
If the length of screw is accurately determined by a depth gauge, the advantages of the 
pilot point more than compensate for this slight additional length. However, fixation, 
such as that illustrated in Figure 5, C, is entirely adequate. Incidentally, the difference 
between the diameter of the full thread and the reduced thread on the pilot point is the 
depth of thread engaged in the bone (Figs. 10 and 12). 








TABLE III 
Report or Twetve ArMy Hospirats ON THE Use or THE New-Type Steet Screw 
Indifferent _ 
Questions Included Yes orNoReply No 

Is the cruciate slotted head suitable and efficient? 12 
Does the self-tapping property of the screw make it superior to the standard? 8 4 
Is the pilot point adequate and of sufficient length? adr 10 1 1 
Is the No. 35 drill adequate and superior to the No. 32 drill? 11 1 
Is the cruciate screw driver adequate and efficient?. . 11 1 
Is the centering device necessary and desirable? 6 6* 


—_—_—— 














* Because of lack of complete technical information on the use of this device, these hospitals did 
not report. 
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Fic. 9 


Fig.8: This hole was drilled with a dull 
drill point and the electric motor at high 
speed. The screw was then inserted at an 
angle, as in Fig. 7. Note the marked frag- Fic. 10 
mentation and discoloration of the threads, 
due to overheating. Note also the gradual disappearance of threads in the center, whereas threads 
were cut on the other half of the specimen (not shown) due to angulation of the screw. Poor 
fixation would result. (Ne galive No. 981 16, Army Institute of Pati ology ) 

Fig. 9: This hole was drilled with a sharp drill point and the electric motor at moderately high 
speed, which did not overheat the bone. Note the sharp outline of the threads and absence of 
discoloration. The screw was again purposely inserted at an angle; the gradual disappearance 
of threads on one side of the hole is shown. (Ne gative No 9S] 49, Army Institute oj Pathology ) 

Fig.10: A screw properly centered and inserted, after being drilled with a point of optimum 
diameter (0.110 inch). Note the space between the bone and the root of the thread (Negative 
No. 98158, Army Institute of Pathology.) 
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Fig. 11: This hole was purposely drilled eccentric to the hole in the overlying plate. The screw 
was then inserted until the head was forced into the countersink, thus forcing the screw laterally, 
as illustrated in Fig. 4, F. Note that the first three threads are stripped,—the first almost com- 
pletely and the third only shghtly. There are only eight threads, because the screw used was only 
one-quarter inch long. (Negative No. 98142, Army Institute of Pathology.) 

Fig.12: The screw was mserted only part way through the cortex, to show the relation of 
threaded to unthreaded portion of the drill hole. (Negative No. 98144, Army Institute of Pa- 
thology.) 


The new type of cruciate-headed screw was sent to a number of Army hospitals in 
March 1946, along with the drill point, drill guide, and screw driver. Twelve hospitals 
have reported on-these items, on the basis of their clinical application by a considerably 
larger number of surgeons: The replies to a questionnaire are reported in Table III. One 
additional hospital reported, but the report was discarded as unsatisfactory. Since that 
time the screws have been supplied to a number of civilian surgeons and institutions, with 
equally good results. While these opinions are not based on a long period of follow-up of 
the individual cases, which is difficult to obtain under military conditions, the evaluation 
of both the serews and the plates can be determined quite satisfactorily on mechanical 
principles and by laboratory tests, as well as by clinical experience. 


TECHNIQUE 

Brief mention has already been made of some aspects of operative technique, in con- 
nection with the design of plates and screws. For the proper application of these devices, 
the following additional technical points should also be observed: 

The plate should conform to the shape of the bone, and any inequality should be 
adjusted by accurate shaping of the plate before it is fixed. It is obviously not good tech- 
nique for the screws to bend a plate to fit the bone, since in so doing a spring action results 
and the screw is immediately subjected to a strong pulling-out force. The screw should fit 
in the center of the hole in the plate, so that the head of the screw will have uniform contact 
and pressure on the plate. If the screw is not properly centered, as it is tightened there will 
be a tendency for the countersink in the plate to force it to one side, thereby damaging the 
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good threads already cut in the borie and producing a strain which will probably lead to 
necrosis and early loosening of the screw (Figs. 4, C, D, E, and F, and 11). Attention has 
previously been drawn to the usefulness of a centering device? or a drill guide, but it has 
not been adopted by most operators. A simple device is illustrated (Fig. 3, A}, which 
accurately fits the hole in the plate. It is placed in the hole while a few turns are taken 
with the drill in order to locate the proper center. The drill guide is then removed (Fig. 4, 
Aand B) and the drilling is continued without it, since otherwise it would tend to become 
filled with bone chips. In order to have uniform contact between the plate and the serews, 
it is important to drill vertically to the plate as well as in the center of the hole; the drill 
guide will aid in determining this direction. Successful immobilization with plates and 
screws should depend on the strength and rigidity of the plate and on the permanent hold- 
ing qualities of the screw. Sometimes reference is made to the advantages of inserting 
screws at odd angles to the plate. Except where the screw may thereby be made to engage 
the two major fragments of bone, such angles will not contribute to stability, because the 
purpose of the screw is to fix the plate firmly to the bone. If it is desired to engage both 
major fragments by placing the screw at an angle, it is probably better to place a separate 
screw (Fig. 5, E and F) for this purpose, since angular screws give poor contact with the 
plate (Fig. 4, D). If the screw is angulated in relation to the drill hole, it will not engage 
the bone on one side of the hole after the first few turns, whereas it will cut too deep and 
tend to break the bone on the opposite side (Figs. 6, 7, 8, and 9). 





Fia. 13 Fis. 14 

Fig.13: The screw was inserted all the way without removal,-the cortex measuring fourteen 
thirty-seconds of an inch (fourteen threads). The screw turned with difficulty after the first six or 
eight threads, but continued to cut good threads the rest of the way. (Negative No. 98145, Army 
Institute of Pathology.) 

Fig. 14: The screw was inserted about half way, removed for the purpose of cleaning the flutes, 
and then inserted all the way. It turned much more easily in the last half than in the case of Fig 
13, but the quality of the threads appears to be the same. (Negative No. 98148, Army Institute 
of Pathology.) 
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The drill point should be turned without 
describing an arc, which tends to enlarge the 
hole. The hand drill wobbles unless it is held 
very accurately. The motor drill possesses 
certain advantages, since its power is me- 
chanical and the operator can devote his at- 
tention to direction. One other important 
factor should receive his attention while he 
uses the electric drill, and that is the rate of 
drilling. If the drill is thrust through the bone 
at a high speed, especially if the drill is dull, 
it will burn the bone and produce necrosis 
(Fig. 8). A slow rate of speed is desired, be- 
‘ause it avoids unnecessary bone damage 
(Fig. 9) and, furthermore, it is safer for the 
patient and the operator. Sufficient reference 
has already been made to proper drill size, 
and of course the drill point must be sharp 
and absolutely straight. If proper technique 
is used and if the materials are of good qual- 
ity, threads will be cut so accurately and 
sharply that the screw can be removed and 
reinserted easily in the same hole without 
lessening its efficiency (Figs. 14 and 15). With 
this technique, no force is required to push 
the screw in, and the force is all directed at 
turning the screw. 

It is commonly believed that all screws 

Ne which engage a plate should engage both cor- 

Fic. 15 tices. It is not the purpose of this paper to 

The flutes were cleaned twice during the in- settle that point, but with improved devices 

sertion of thi seen hs mace the ex, tu andl technique we may find that it is not nee 

similar to those in the two preceding illustra- essary for all the screws to be long. Where 

Seite aati” cet cohen cam yond short screws are used in the proximal cortex 

No. 98152, Army Institute of Pathology.) only, pilot-point screws are advised, because 

of the ease of insertion without a holding de- 

vice and because there is no disadvantage in length, since the pilot point remains inside 

the bone. Where long screws are used to engage both cortices, pilot-point screws are ad- 

vised, because the point also tends to direct the screw to the center of the distal hole. As 

stated previously, allowance must be made for the pilot point in selecting the proper length 
of screw, if threads are to completely engage the distal cortex. 

In some cases it is desirable for the threads to engage the distal, but not the proximal, 
cortex. This can be done with a screw which has a non-threaded segment just distal to the 
head. However, the same objective can be attained with the standard screw by merely 
enlarging the proximal hole with a No. 27 drill of 0.144 inch diameter (Fig. 3, C), which 
exceeds the maximum diameter of the screw and permits the threads to pass freely through 
this hole, as illustrated in Figure 5, D and F. In this instance, the whole screw acts as & 
pilot point and the non-pilot-point screw is satisfactory, although the pilot point possesses 
no disadvantage, except for the slightly greater length (one-sixteenth of an inch) required. 
In placing a screw through two fragments, as in an oblique fracture, with or without the 
use of a plate, this method of engaging only the distal cortex tends to draw the two frag- 
ments firmly together. If both cortices are tapped, the screw fixes but does not impact the 
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two fragments; and, in fact, any pressure exerted as the distal cortex is tapped tends to 
distract the fragments, depending upon the firmness of the bone clamp. 

In fixing a bone graft, a flat-headed screw is often preferred, becauise it fits the flat 
surface of the bone; whereas the tapered head tends to split the bone, if forced into the 
small hole. However, here again the standard screw with the tapered head is equally 
suitable, if the hole is reamed with a countersink of the exact size and shape as the head 
(Fig. 3, EH). This has the added advantage of making the screw less prominent. Where 
fragments are fixed by screws, without the use of plates, the countersink is also a useful 
tool, especially since many of these screws are placed at an angle; and with the use of the 
countersink the head can be recessed and still fit the hole with uniform contact. 

It can be seen, therefore, that with two simple accessories—the No. 27 drill and the 
countersink—one type of screw can serve the purpose of the standard screw, the smooth- 
shanked screw, and the flat-headed screw, and thereby decrease the stock of screws re- 
quired. Objection may very well be raised to the addition of another type of screw with 
the pilot point, which would seem to indicate the necessity of two complete sets. The pilot- 
point screw is a new feature, which is being submitted for clinical evaluation. It may prove 
its value by replacing the conventional type in certain lengths, or in all lengths, for those 
surgeons who prefer it. Either the pilot-point screw or the non-pilot-point type alone 
suffices for bone surgery, if properly used. 

Nore: Credit is due Dr. L. B. Tuckerman and his associates, at - National Bureau of Standards, 
for testing and for technical assistance in this work; and to Mr. J. Collison of Greensboro, North 

Carolina, who developed the screws and centering device, manufacture a the plates and drill points to the 
Gudietions given, and has offered a number of suggestions in mechanical technique. 


Specific comments, criticisms, or recommendations in connection with this subject may be addressed 
to the Research and Development Board, Office of The Surgeon General, Pentagon, Washington 25, D. C 
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ARTHROPLASTY OF THE ELBOW BY REPLACEMENT OF THE DISTAL 
PORTION OF THE HUMERUS WITH AN ACRYLIC PROSTHESIS 


BY MAJOR RICHARD H. MELLEN AND LIEUTENANT COLONEL GEORGE S. PHALEN 
Medical Corps, Army of the United States 


From the Ortho wie dic Surge ry clion, O'R« lly Gene ral Hos ntal, S ring fle ld, Missouri 
/ / / J 


A review of the literature for the past ten years has failed to reveal the use of plastic 
material, such as lucite, in arthroplasties or reconstructions of the elbow joint. For quite 
a number of years lucite, in the form of cups, has been employed for arthroplasties of the 
hip. Recently its use has been reported by Burman and Abrahamson as an interposition 
substance in arthroplasties of the interphalangeal and metacarpophalangeal joints. At 
O’Reilly General Hospital, the authors have used plastic material independently in the 
metacarpophalangeal joints in quite a number of cases. The results have been no more 
outstanding than those obtained from standard methods of 
arthroplasty. 





As a satisfactory method for replacement of a large defect 
involving the distal part of the humerus and the proximal portion 












Fic. 1-B Fia. 1-C 


Fig. 1-A: Case 1. Shows the amount of active flexion in the left elbow. ten months after injury. 
The distal third of the humerus and the olecranon process of the ulna had been removed at the time 
of the initial débridement 

Fig.1-B: After attachment of an acrylic implant, four and one-half inches long, onto the distal 
end of the humerus, the patient was able actively to flex the left elbow to 90 degrees; and stability 
in the joint was much improved. 

Fig. 1-C: Anteroposterior and lateral roentgenograms of the left elbow region, ten months after 
ary. There is loss of the distal five inches of the humerus. as well as of the olecranon process of 
the ulna. 
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of the ulna—the result of an initial débridement which was too extensive—it was believed 
that an acrylic type of prosthesis might be used on the humerus to provide a fulcrum for 
the elbow joint and still allow early motion in the elbow. This would avoid the long period 
of time necessary for healing if a bone graft were used to prolong the humerus. It would 
also avoid the uncertainties of bridging a large gap between the humerus and ulna with a 
bone graft to accomplish arthrodesis of the elbow. The following case report is illustrative 
of its use in such a fashion: 


Case 1. On August 18, 1944, an Army sergeant, twenty-three years old, was driving with his left 
elbow out of a car window, when he was struck by a truck going in the opposite direction. He sustained 
compound fractures of the distal third of the humerus, the olecranon process of the ulna, and the 
proximal and distal thirds of the radius. He was first given medical treatment in a civilian hospital and 
then transferred to an Army Station Hospital, where, on August 20, thorough débridement and cleansing 
of the wound was done and the arm was immobilized in a plaster cast. There was loss of the major 
portion of the distal third of the humerus, with the exception of part of the medial epicondyle, and loss 
of the olecranon process of the ulna. The patient was transferred to an Army Air Forces Regional 
Hospital, where, on August 27, an attempt at secondary closure was made; because of soft-tissue loss, 
however, it could not be done satisfactorily. At that time the three major nerves in the elbow region, 
as well as the brachial artery, were intact. The fracture of the distal end of the radius was plated, and 
the fracture of the proximal end was reduced and held with a wire loop. 

The patient was transferred to this General Hospital on September 26, 1944, with a large granulating 
wound over the posterior aspect of the elbow. On October 12, the loose medial epicondylar fragment 
was removed, and the wound soon healed. Because of the extensive scarring over the posterior aspect of 
the elbow, a full-thickness abdominal pedicle graft was applied on March 2, 1945. The patient had a 
flail elbow, with no active extension and with active flexion of only 20 degrees (Fig. 1-A). Roentgeno- 
grams showed the absence of the major portion of the distal five inches of the humerus, and of the 
olecranon process of the ulna (Fig. 1-C). 

On July 12, 1945, the elbow region was exposed through a posterior longitudinal incision; and an 


mie i 








Fic. 1-D 
Lateral and anteroposterior roentgenograms of the left elbow, ten weeks after attachment of 
an acrylic implant to replace the distal third of the humerus. Although the acrylic prosthesis 
is not radiopaque, the contour of the implant is roughly outlined by calcium deposits in the 
soft tissues immediately adjacent to it. 
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acrylic prosthesis, measuring four and one-half inches in length, was attached to the distal end of the 
humeral shaft with two loops of No. 20 tantalum wire. The postoperative course was uneventful, except 
for a transient incomplete palsy of the radial nerve, which complete ly subsided in. three weeks, After 
removal of the skin sutures on the tenth day after operation, the patient was encouraged to use the left 
arm; and within six weeks he was able to flex the elbow actively to a right angle. He was able to use 
his hand better, and could raise it approximately to his mouth. There was considerable instability of 
the elbow joint, but much less than before operation. He was still unable to use the hand for any work 
above the level of his shoulder. The soldier was discharged from the Army on a certificate of disability 
on November 28, 1945, and at this time he was still unable to flex the elbow actively to mor than 90 
degrees (Fig. 1-B). There was no pain in the elbow, and no evidence of any irritation about the acrylic 
implant (Fig. 1-D). 


A similar problem presented itself in several eases of non-union in the supracondylar 
region of the humerus. In these eases the distal fragment of the humerus was malunited, 
and the elbow joint was fixed by fibrous ankylosis. This mitigated against the restoration 
of any satisfactory painless motion in the elbow itself after bone-grafting of the humerus, 








Fic. 2-A Fic. 2-B 


Fig.2-A: Case 2. Anteroposterior and lateral roentgenograms of the right elbow, showing non- 
union of the comminuted supracondylar fracture and narrowing of the joint space. 

Fig. 2-B: Anteroposterior and lateral roentgenograms of the right elbow, one month after replace- 
ment of the ununited distal end of the humerus by an acrylic implant. The prosthesis was attached 
to the humerus by two loops of tantalum wire. The tip of the olecranon has been resected. 


























Fig. 2-C Fic. 2-D 


Photographs, taken five months after insertion of an acrylic implant in the right elbow, show 
range of active elbow motion. Stability of the elbow joint was excellent. 
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either alone or in combination with a conventional arthroplasty or resection. It appeared 
likely that the entire ununited distal fragment of the humerus might well be replaced 
with a functional type of plastic prosthesis. This would restore the fundamental principles 
of the hinged type of joint normally present in the elbow, inasmuch as the proximal portion 
of the ulna was undamaged and could furnish a satisfactory point of rotation. The use of 
a plastic prosthesis in this type of injury is illustrated by the following three cases: 

Case 2. An Army private, twenty-eight years old, was injured by enemy shell fire in Normandy, 
on June 6, 1944. He sustained compound fractures of the distal third of the right humerus and of 
the proximal third of the left femur. Upon admission to this General Hospital on October 13, 1944, 
both clinical and roentgenographic evidence of non-union of the femur was present; and a bone graft 
was subsequently applied to this bone to obtain union. Non-union of the fracture through the distal 
third of the humerus was also present, with a few degrees of motion both at the fracture site and in the 
elbow joint (Fig. 2-A). There was a considerable loss of soft tissue over the posterior aspect of the 
elbow, and an incomplete paralysis of the ulnar nerve. 

An abdominal pedicle flap was applied to the posterior aspect of the elbow on March 19, 1945. On 
May 26, arthroplasty of the elbow was performed. The distal one and one-half inches of the humerus, 
which included the site of non-union, was resected; and an acrylic implant was inserted. The proximal 
three-quarters of an inch of the olecranon process of the ulna was also removed. The acrylic implant was 
fitted snugly over the end of the humerus and fixed with tantalum wire (Fig. 2-B). A posterior molded 
plaster splint was applied, with the elbow in 150 degrees of extension. This splint was removed in three 
weeks, and active motion was instituted in the elbow joint. Restoration of motion in the elbow joint, 
from 50 degrees of flexion to 140 degrees of extension, without pain, was promptly attained. 

The patient was discharged from the Army on a certificate of disability on December 11, 1945. At 
that time the range of motion in his elbow joint had not changed; but the strength in his arm was much 
improved, and there was excellent stability in the joint (Figs. 2-C and 2-D). A personal communication, 
in October 1946, indicated that there was no change in range of motion and no pain, but that an 
increased sense of stability and strength was present. 

Case 3. A twenty-vear-old Army private was wounded in combat in Belgium on January 3, 1945, 
sustaining a compound, comminuted fracture through the distal third of the right humerus. On admis- 
sion to this General Hospital on June 19, there was definite non-union of the humeral fracture, with 
complete destruction of the normal anatomical contour of the supracondylar region (Fig. 3-A). The 
humerus was very flail at the site of the pseudarthrosis, and there was little active power in flexion of 
the forearm. 











Fic. 3-A Fic. 3-B 

Fig.3-A: Case 3. Lateral and anteroposterior roentgenograms of the right elbow, six and one-half 
months after a compound fracture involving the distal end of the humerus. There was a flail 
pseudarthrosis of the humeral fracture, with very little active flexion of the forearm. 

Fig.3-B: Lateral and anteroposterior roentgenograms of the right elbow, three months after 
attachment of an acrylic prosthesis to the humerus with two vitallium screws. The tip of the 
olecranon has been resected. Some deposition of calcium is present in the soft tissues adjacent to 
the proximal end of the acrylic implant. A small fragment of bone, presumably from the lateral 
humeral epicondyle, is still present. Good stability of the elbow joint is present, as well as motion 
of 50 degrees of flexion to 135 degrees of extension without pain 
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On October 25, 1945, the distal end of the humerus was resected, just proximal to the site of nop. 
union; and an acrylic implant, measuring approximately two inches in length, was fixed to the end of 
the humerus with two vitallium screws. The proximal three-quarters of an inch of the olecranon process 
of the ulna was resected, which left a gap of about one-half inch between the distal end of the acrylic 
prosthesis and the proximal end of the ulna when traction was applied to the forearm in extension 
(Fig. 3-B). A posterior molded plaster splint was applied to the upper extremity, with the elbow ip 
150 degrees of extension. This splint was removed in three weeks, and active and passive motion was 
instituted. There was prompt restoration of painless motion in the elbow joint from 50 degrees of flexion 
to 135 degrees of extension. 

Strength in the arm continued to improve during the next five months, although little, if any, in. 
crease in the range of elbow motion occurred. Stability of the joint was good. An evaluation by ques. 
tionnaire, in October 1946, revealed increased strength and stability without appreciable change in range 
of motion. Slight discomfort was noted with changes of the weather. 





Fic. 4-A Fia. 4-B 
Front view and side view of three varieties of acrylic prosthesis, used to replace the distal end of 
the humerus. Drill holes have been made in the shafts of the two shorter specimens for the inser- 
tion of screws or wire loops. These holes should be drilled at the time of operation, after the 
prosthesis has been fitted snugly over the end of the humerus. 


Case 4. A nineteen-year-old Army sergeant was involved in an automobile accident on June 30, 1945, 
in Sioux Falls, South Dakota. He sustained a severe crushing injury of his left upper extremity, with 
compound, comminuted fractures of the distal end of the humerus and the middle thirds of the radius 
and ulna. On August 11, open reduction was performed on the radius and ulna, and a hanging cast was 
applied. 

On admission to this General Hospital on October 12, the fractures of the radius and ulna were 
found to be healing satisfactorily with the bones in good alignment. The fracture of the humerus was 
also healing, but with marked anterior displacement of the distal fragments. No rotation was possible 
in the forearm, and only a jog of painful motion in the elbow joint. By December 1945, all immobiliza- 
tion had been removed from the arm, and an attempt was made to obtain more motion in the elbow 
joint with occupational and physical therapy. This was unsuccessful. 

Because it was obvious that further motion in the elbow could not be obtained without arthroplasty, 
on March 14, 1946, the elbow was exposed through a posteromedial incision. The condylar fragments of 
the humerus were found to be united by a firm fibrous union only. The distal one and one-half inches 
of the humerus were removed, and an acrylic prosthesis was attached to the distal end of the humeral 
shaft with one vitallium screw. The proximal half inch of the olecranon was excised. A_ posterior 
molded plaster splint was applied, with the elbow in 150 degrees of extension. The postoperative course 
was uneventful, and motion was started three weeks after the operation. In December 1946, the patient 
had a range of motion of from 60 degrees of flexion to 150 degrees of extension. Very slight discomfort 
was experienced as a result of weather changes or heavy lifting. 


The prostheses were constructed by members of the Dental Section and the Plastic 
Eye Laboratory. The material used was veronite, which is a methyl and ethyl metha- 
crylate. This material was cast in the form of models, which were fashioned after the 
authors’ idea of a functional form for the distal portion of the humerus, and did not at- 
tempt to duplicate the normal anatomy of the bone (Figs. 4-A and 4-B). The central hole 
of the prosthesis was drilled out on a lathe. The size of the central cavity was approx- 
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jmated for each case by a preoperative measurement of the roentgenograms of the distal 
shaft of the humerus, over which the prosthesis was to fit. At the elbow a standard opera- 
tive approach was used, usually modified by the type of injury and the presence of previous 
scars or skin grafts. The prosthesis was secured to the distal portion of the humerus either 
by tantalum wire or vitallium screws; these were placed through holes in the prosthesis, 
which were easily drilled at the time of operation, after the prosthesis had been fitted 
snugly over the end of the humeral shaft. 
DISCUSSION 

Three of the patients described have been followed for periods ranging from nine to 
eighteen months since the operation. Several striking things have been noted. Immediately 
after subsidence of the postoperative reaction, motion was restored to the maximum 
amount obtained; and, as weeks went by, strength in the flexor and extensor muscles 
improved, but very little further improvement in range of motion occurred. This was 
probably due to the fact that, from the start, very little pain was present on motion; and 
at the last evaluation the patients complained of no pain whatever. Furthermore, the 
elbows were comparatively stable. 

Inasmuch as the distal end of the humerus is enclosed in this more or less impervious 
acrylic cap, the fate of this portion of the bone in regard to nutrition and future atrophy 
is uncertain. This will have to be determined by a longer period of observation. The 
purpose of this report is not to present end-result studies, but rather to stimulate interest 
ina simple type of procedure, which apparently restores motion to the elbow quickly and 
relatively painlessly. The authors believe that this procedure might possibly be of benefit 
in ankylosed elbows resulting from rheumatoid arthritis. 
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THE “LATCH” GRAFT 


A CoMBINATION OF INLAY AND INTRAMEDULLARY GRAFT WHICH Is SELF-RETAINING 


BY LIEUTENANT COLONEL PETER-CYRUS RIZZO AND CAPTAIN OTTO LEHMANN 
Medical Corps, Army of the United States 


From Fletcher General Hospital, Cambridge, Ohio 


The injuries in World War II have been, to a large extent, injuries to the extremities. 
Compound fractures due to shell fragments and bullets were frequently accompanied by 
extensive loss of bone substance. Treatment of simple fractures of the long bones often 
had to be interrupted because of the necessity of evacuating the patient to another hospital. 
This resulted in displacement of fragments with subsequent delayed union, malunion, and 
non-union. Because of these factors, a large number of cases required bone-grafting. In 
the past few years a good deal has been written about various types of bone grafts, with 
frequent recommendations of the use of some form of metal device for rigid fixation of the 
graft and of the fracture fragments. In some instances the results have not been very 
satisfactory. Frequently drainage from the site of the metal ensued, necessitating sub- 
sequent removal of the foreign material. Osteomyelitis, resulting from these infections, 
was difficult to eradicate. 

The types of bone grafts generally used are (1) the onlay graft, (2) the inlay graft, 
and (3) the intramedullary graft. The onlay graft, although easily applied, requires 
metallic fixation for good stability. The inlay graft, in order to immobilize properly, has 
to show a perfect fit. This is often difficult to obtain, particularly in cases with loss of bone 
substance, and metallic fixation has to be resorted to. Although the intramedullary graft 
provides excellent fixation of the fragments, technical difficulties are involved in its appli- 
cation; and it has been largely abandoned because of the unsuccessful results, believed to 
be due to obliteration of the medullary cavity by the graft. 


TABLE I 


SUMMARY OF Forty-six CONSECUTIVE CASES IN WHICH THE “LatcH” Grart Was Usep Durinc 
A OnrE-YEAR PERIOD 














a. © en a _—__—_—_ 





Types of Fracture Results 
? Expected 
qa, ae | Healed * To Heal 
seach ane Simple Compound | (Six Months’ (Less Than Failures 
Observation) | Six Months’ 
Observation) 
Humerus 5 1 4 4 1 0 
Radius 9 2 7 8 0 1 
| (Non-union) 
Una 4 1 3 3 1 0 
Metacarpals | 3 0 | 3 3 0 0 
Femur 18 | : | 15 14 ; 
| (2 Refractures) | (Infection) 
Tibia 7 2 5 3 | 2 ; 
(1 Refracture) (Infection) 
Totals 46 9 | 37 35 | 7 4 
(196%) | (804%) | (76.1%) | (15.2%) (8.7%) 








__* Bone grafts were considered healed when there was not only roentgenographic evidence of bone 
bridging. but the patient had been allowed full, unprotected use of the involved extremity during an ob- 
servation period of at least three months. 
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Fic. 2 


Diagrams of operative technique 


Fic. 1 


Self-retaining grafts, which give proper immobilization of the fracture fragments and 
fixation of the graft without the use of mietallie fixation, have been used by Kirk, Albee, 
Brittain, Ryerson, and others. The graft to be described here has proved efficient in ful- 
filling the requirements of rigid fixation of both the fracture fragments and the graft 
without metallic fixation. It is a combination of inlay and intramedullary graft. 


OPERATIVE PROCEDURE 


The fracture fragments are widely exposed. Realignment of the fragments is carried 
out, if necessary. By means of the twin saw, a narrow trough is made in both fragments, 
crossing the fracture line or the bone defect. The width of the trough should be slightly 
less than the thickness of the tibial graft to be used; the length varies with the bone to be 
grafted. The medullary canals of both fragments are opened. 

A bone graft is cut from the tibia, and should be at least three or four centimeters 
longer than the trough. The graft should be the width of the bone to be grafted, minus 
the thickness of one cortex. If a bone defect is to be bridged, the graft should be cut so as 
to contain part of the medial or lateral cortex of the tibia. If non-union is present but no 
defect, the graft should be taken from the middle of the anteromedial tibial surface, so as 
to be of even thickness. The graft is then shaped by means of a saw or rongeur so as to 
have two narrowed-down prolongations, one longer than the other. These prolongations 
should be somewhat narrower than the width of the medullary canal. The distance from 
the end of the shorter prolongation to the base of the longer prolongation should be equal 
to the length of the trough. 

The graft is then placed sideways into the trough. The longer prolongation is inserted 
up to its base into the medullary canal of one of the fragments (Figs. 1, A and 2, A). The 
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Fic. 3-A 


Four months after simple fracture of left femur. Malposition and non-union are shown. 


Fic. 3-B 


Five months after insertion of “latch” graft. 


entire graft can now be countersunk into the trough. Once the graft has been fitted into 
the depth of the trough, it can be driven back or “latched” into the medullary canal of the 
other fragment (Figs. 1, C and 2, C). Since the length of the graft exceeds the length of 
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Fia. 4-A 


N. P. Four months after compound fracture of left third metacarpal. Loss of bone substance 
is evident. 


Fic. 4-B 


Three months after “latch” graft has been inserted. 


the trough, both prolongations will be well engaged in the medullary canals of the frag- 
ments; they act as intramedullary grafts, but do not fill the entire medullary cavity. 
Inasmuch as the graft is cut slightly thicker than the width of the trough, a tight fit is 
obtained, as in a well-applied inlay graft. Bone chips or slivers are packed around the 
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fracture site. The wound is closed, and the extremity is immobilized in a plaster cast, Jf 
the procedure is carried out correctly, there should be complete stabilization of the frag. 
ments and correction of the alignment, even in cases with loss of bone substance. 

Plaster immobilization following this procedure has been continued for an average of 
four months. Roentgenographie studies have indicated an area of rarefaction about the 
intramedullary portions of the graft at the end of three months. This rarefaction dis. 
appears at the end of the fourth month, and after six months the outlines of the graft are 
almost indistinguishable. 

More than forty patients have been successfully operated upon by the technique 
described. The graft has been used in the femur (Figs. 3-A and 3-B), tibia, humerus. 
radius, ulna, and metacarpals (Figs. 4-A and 4-B). 
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DISCUSSION 


(Continued from page 327) 


If the blood supply to the head is inadequate at the time of the bone-grafting, then revascularization of 
both the head and the graft are necessary to obtain a good end result. 

Dr. Mary SHERMAN, Cuicaco, ILLInois: I wish to make only one point. In our opinion there is no 
such thing as delayed aseptic necrosis. If one studies a series of femoral-neck fractures, it becomes 
apparent that there is a sudden interruption of the blood supply due to the break or to the degree of 
surgical intervention, and either the head dies at once, in toto, or it never dies at all. The reason that 
roentgenographic and clinical changes do not show up until later is also evident from pathological 
studies. The dead portion of the bone is quite inert, does not collapse, and does not show any sign of 
change until revascularization has begun. When absorption has become apparent on the roentgenogram, 
the dead bone has been weakened by advancing replacement, and it is at that time, if weight-bearing is 
permitted, that fracture and separation may occur. Replacement, since it always begins at the fracture 
edges, is first evident in the superior and inferior margins of the head. The triangular area of density, 
which stands out so clearly, represents the unreplaced portion which has not yet been invaded, may 
never be invaded, or may even be cast off as a sequestrum. 

Dr. Puiir D. Witson, New York, N. Y.: In answer to a point that Dr. Colonna made, I think 
this operation, of course, is a modification of his procedure. There is no question about that. I think 
the point is that, according to his original description, there is a direct thrust, the angle of the neck 
is eliminated, and the quality of the bone is similar to that of the knee. I think the question is whether 
this operation is the Colonna type or the Whitman type. I can assure you the neck was entirely 
removed, and the remodeling has been directly under the trochanter. 

There is one final point which I should like to make, that is, the consideration of the age of the 
patient in determining what procedure should be followed. I am very sure that I would not want to do 
this operation on a patient over sixty. It is a very complicated procedure. There is a lot of surgery; 
and there is the problem of patients who, as a rule, are not very good at exercise, and in whom joint 
immobility is rapidly developing. I think, therefore, that beyond that age we should choose a simpler 
type of procedure. 
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THE TREATMENT OF INJURIES TO THE TARSAL NAVICULAR 


BY MAJOR A. JACKSON DAY 
Medical Corps, Army of the United States 
From the Orthopaedic Section, Fitzsimons Gene ral Hostal, Denver, Colorado 

Injuries of the tarsal navicular are relatively uncommon, but are important because 
of the marked disability which usually results. Wilson has stated that fractures of the 
tarsal navicular represented 0.26 per cent. of all injuries in the large group of fractures 
reported by him. The literature is singularly devoid of information concerning fractures 
of the navicular, and many times the subject is dismissed with the statement that manip- 
ulation and immobilization by cast provide the only treatment. Traumatic arthritis in 
this portion of the foot, however, often becomes very crippling, and the frequency with 
which the arthritis occurs after injuries to the navicular seems to indicate that the initial 
treatment is often inadequate. 

Injury to the tarsal navicular may occur in various ways. It may be caused by a fall 
onto the foot from a height, with a resulting crushing injury to the bone. The presence of 
plantar flexion at the time of impact, or acute plantar flexion alone, may cause a rupture 
of the dorsal ligaments and fracture of the inferior portion of the navicular, along with 
dorsal dislocation. Acute inversion and adduction of the foot may produce fracture- 
dislocations in the same manner. 

Berman, in 1924, reported a ease of dislocation of the navicular which was treated by 
manipulation; after one year this patient still had pain whenever he was on his feet for 
too long a time. In a review of the literature, Berman reported twenty-seven cases, which 
were treated as follows: In eight cases reduction was achieved by manipulation; in four 
eases open reduction was done; four cases were treated by excision of the navicular; in eight 
cases no reduction was done; two cases were treated by amputation of the foot; and in one 
ease no record could be found. 

The wide variation of treatment indicates uncertainty concerning a satisfactory 
method. This study was, therefore, made in an effort to outline a satisfactory plan of 
treatment. 

The most conservative method of treatment—that is, manipulation to reduce the 
fracture and dislocation—should certainly be attempted as an initial procedure. Hender- 
son points out that considerable force may be necessary to restore the fragments to their 
normal positions. Cases have been reported by Penhallow and by Lehman and Eskeles, in 
which manipulation produced a good reduction and, after immobilization in plaster casts, 
good functional results were obtained. However, when some deformity of the navicular 
remains after manipulation, it is likely that traumatic arthritis will occur and will require 
an arthrodesing procedure. Since the talonavicular joint is continuous with the subtalar 
joint, the motions of inversion and eversion of the foot are disturbed by abnormalities of 
the surface of the talonavicular joint. Severe pain on weight-bearing and prolonged, per- 
manent disability will result. In addition, bony prominences, secondary to persistent dis- 
placement of the fractured fragments of the navicular, tend to become painful. 

Wilson has recommended that, when the patient is seen early, a closed reduction be 
attempted with fixation for six to eight weeks. He further recommended that, when com- 
plete reduction cannot be accomplished or when the patient has been seen after eight or 
ten days, arthrodesis of the talonavicular joint be advised. He felt that motion at the 
cuneonavicular articulation is so slight that arthrodesis of that area does not seem neces- 
sary. Six patients treated by fusion in this area were reported; five had good results and 
one had a fair result. 

Crossan reported two cases of untreated fractures, in both of which the navicular was 
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removed; a bone graft filled the space in one and no graft was used in the other, No 
difference was reported in the end result. Crossan stated: “All cases of compression 
fracture of the scaphoid demand open reduction”. In discussing fractures of the tarsal 
navicular, Morrison said: ‘The scaphoid fragments must be moulded into place. Up- 
commonly open operation is necessary to obtain a good result.” 

In many cases treated by manipulation, a good functional result is reported after four 
or six months, and the case is closed. It is believed that, in many patients with so-called 
good results, pain and disability appear later as the traumatic arthritis develops, and 
operative procedures are required a year or more later. 

Dick has reported a case of fracture-dislocation of the tarsal navicular in which two 
attempts at manipulative reduction failed, as did also a third attempt at manipulation 
aided by skeletal traction. At.open operation, reduction was effected easily. The foot was 
immobilized in plaster for ten weeks, and four weeks later the patient returned to duty 
with somewhat limited mid-tarsal motion but without pain. After two months this patient 
returned, complaining of pain. Roentgenograms at that time demonstrated arthritic 
changes. Fusion of the talonavicular and cuneonavicular joints was then performed. Dick 
states: “...1f open reduction is required for a fracture-dislocation of the tarsal navicular, 
primary fusion of the involved joints is indicated. Even in closed fractures of the tarsal 
scaphoid in which manipulative reduction succeeds, consideration should be given to the 
desirability of primary fusion of the involved joints when there is distortion of the join 
surfaces.” ’ 

Seven cases of injuries to the tarsal navicular have been treated by the author, and 
two procedures have been used. These cases have been grouped to help formulate a pro- 
gram for the treatment of the injuries. 





Fig. 1-A 


Case 2. Demonstrates fracture and dorsal dislocation of the navicular after attempted closed reduction 
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Case 1.*% On June 28, 1942, this patient, aged twenty-seven, accidentally fell a distance of about 
twenty feet, landing on both feet. He sustained fractures of the tarsus on the right and fractures of the 
metatarsals on the left. Roentgenograms of the right foot showed dislocation of the navicular, fracture- 
dislocation of the cuboid-metatarsal joints, and fractures of the necks and heads of the second, third, 
fourth, and fifth metatarsals. Skel- 
etal toe traction was applied and 


a manipulation was performed. The 
dislocation of the navicular was 
reduced easily, but likewise  be- 
came redislocated easily. On July 
ll, open reduction was performed; 
arthrodesis of the talonavicular and 
euneonavicular joints was carried out, 
a small vitallium nail, driven through 
the navicular into the talus, being 
used to maintaim position. Other pro- 
cedures were employed on the other 
injuries. Weight-bearing was started 
after eight weeks, and immobilization 
disearded three weeks later. This pa- 
tient continued to have some mild 
pain after five months, but it was 
dificult to ascertain the origin of the 
pain because of his multiple injuries. 
A late follow-up was not obtained. 
There was marked limitation of in- 
version and eversion of the foot. 


This case demonstrates the 
difficulty in obtaining and main- 
taining reduction of a dislocated 
navicular. 





Case 2. On February 15, 1944, Fic. 1-B 
this private first class accidentally fell Demonstrating solid bony fusion, ten months after arthro- 
from the wing of a grounded airplane’ desis of the talonavicular and cuneonavicular joints. An 
and landed on his left foot, sustaining imlay tibial bone graft was used. 
a simple fracture-dislocation of the 
navicular. On the following day a closed reduction was attempted, but was unsatisfactory (Fig. 1-A). 
On February 28, an open reduction was performed and an arthrodesis of the talonavicular and cuneo- 
navicular joints was carried out; an inlay tibial bone graft across these joints was used. Six weeks 
later gradual weight-bearing in a cast was started. The cast was discarded after four months and the 
soldier gradually became ambulatory without support. At the time of discharge from the Hospital, 
December 16, 1944, the patient was walking, and complained of a very mild pain in the left foot 
(Fig. 1-B). He had complete ankylosis in the area of the operation, without appreciable inversion or 
eversion of the foot. Good ankle motion was present. 


These two cases represent the difficulty in maintaining reduction after manipulation, 
and demonstrate arthrodesis of the localized area,—that is, the talonavicular and cuneo- 
navicular joints. In both cases, little or no inversion or eversion remained. It is believed 
that some of the pain was derived from arthrodesis of only two joints instead of arthrodesis 
of all the inverting and everting joints. Furthermore, it is felt that an undue strain is thus 
placed upon the fused area. 

There has been much discussion in the literature regarding the interrelationship of 
motion between the talonavicular, talocalcaneal, and caleaneocuboid joints. Some authors 
have advised subtalar arthrodesis for fractures in this area, such as fracture of the calcaneus, 
while others state that if subtalar arthrodesis is indicated, a triple arthrodesis should be 
performed because of the interrelationship of motion. In the problem being discussed, the 


* This patient was treated by the author at the University Hospital, Ann Arbor, Michigan. 
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question arises as to whether triple arthrodesis 
plus arthrodesis of the cuneonavicular joints 
should be performed, rather than localige 
arthrodesis of the talonavicular and cune. 
navicular joints. 

The author believes that a more extensiye 
arthrodesis should be performed, since the 
localized arthrodesis eliminated nearly all of 
the inversion and eversion of the foot in the 
cases just presented. Experimental procedures 
were carried out to demonstrate the interrela- 
tion of motions in the tarsal joints. A leg 
which had been amputated because of diabetie 
infection, with no structural “abnormalities, 
was used (Fig. 2, A). A Kirschner wire was 
drilled into the talus and one into the navieu- 
lar, close to the joint line on the medial aspeet 
of the foot. Likewise, wires were placed in the 
caleaneus and in the cuboid, on the lateral 
margin of the foot. When the foot was pas- 
sively twisted into inversion, it showed a wide 
angle between the Kirschner wires, demon- 
strating the extensive motion in these two 
joints. The foot was then twisted into ever- 
sion, and showed little or no angle between the 
wires (Fig. 2, B). Thus a rather wide total angle of motion is demonstrated in the normal 
foot. Two Kirschner wires were then drilled through the plantar aspect of the foot, 
through the caleaneus and into the talus (Fig. 2, C), thus producing a pseudo-arthrodesis 
of the subtalar joint. Figure 2, D demonstrates the small amount of motion present on 
inversion of the foot after fixation of the posterior joint, and Figure 2, E demonstrates the 
position of the wires on eversion. The fixation of the posterior joint eliminates nearly all 
of the motion of the anterior joints. Fixation of the talonavicular joint (not illustrated) 
produces a marked diminution in motion of the other two joints, although not quite so great 
as in the case illustrated. From these findings, it was felt that the type of arthrodesis in 
fractures of the tarsal navicular should be the triple arthrodesis with arthrodesis of the 
cuneonayicular joint. 

It is the opinion of some that, after arthrodesis of the talonavicular and cuneonavicu- 
lar joints, a compensatory abnormal degree of motion will eventually be produced in the 
‘aleaneocuboid and talocaleaneal joints. It is felt, however, that an abnormal range of 
motion of these joints would be another factor in producing pain. The remaining eases 
demonstrate the more extensive type of arthrodesis. 





Showing interrelation of motions in tarsal joints. 


Case 3. A corporal was injured October 1, 1943, when he caught his foot between the bed rail and 
the bed springs of an upper bunk, producing acute plantar flexion, as he fell to the floor of his barracks. 
He sustained a fracture-dislocation of the right tarsal navicular (Fig. 3-A). On October 8, under anae* 
thesia,.a manipulation was performed; reduction could be obtained, but could not be maintained. 
Moderate dislocation recurred, but, since there was fairly good bone contact, conservative treatment was 
followed ; and after six weeks the soldier was placed in a walking cast. Because of pain in the foot he 
was unable to get along, and on January 12, 1944, a triple arthrodesis plus fusion of the cuneonavicul* 
joint was performed. Seven months after the injury he had mild pain in his foot; this graduall 
diminished, and at the time of discharge from the convalescent ward he complained of little or no pail 
except after very long walks. He had good ankle motion and the hind part of the foot was solid (Fig. 3-B) 

Case 4. While this corporal was cleaning his gun on the Anzio Beachhead, Italy, February 22, 1944, 
his position was shelled and his gun discharged accidentally, injuring his left foot. After initial treatment 
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overseas, he arrived at Fitzsimons General Hospital on July 16, 1944. There was moderate stiffness of 


the tarsal joints, but all wounds had healed. 


+t 


Roentgenograms showed a comminuted fracture of the 
It gradually became evident, because of the 


navicular with fracture of the base of the first cuneiform. 
On October 20 a triple arthrodesis was 


arthritis and malunion, that arthrodesis was necessary. 
e navicular and displacement of the talus 
23. 1945, the arthrodesis was solid clinically 


traumatic 
performed with excision of the remaining fragments of th 
ard to articulate with the cuneiform bones. By January 


forw 
The patient had some limitation of motion of. the ankle 


1 roentgenograms showed early bony union. 


ant 
‘oint, but by April 1945 he walked without limp or pain. A good result was obtained. 


ee 





Fig. 3-A 


Comminuted fracture of the navicular with dorsal subluxation. 





Fic. 3-B 


Seven months after injury and three months after arthrodesis 
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The following case is presented, not as an injury, but as a case of tuberculosis of th 
tarsal navicular, and represents the same problem of arthrodesis as in the patients with 
injuries. 


Case 5. This officer, a major, sprained his left ankle in April 1942, and continued to have pain ang 
swelling after that time. Roentgenograms showed a ay ar process in the navicular. He was trans. 
ferred to Fitzsimons General Hospital on November 2, 1944. Mantoux tests were positive, but there was 
no active pulmonary disease. The patient was ke ot at rest. On January 23, 1945, the navicular was 
excised and a Dunn arthrodesis was performed by displacing the foot backwards. The pathologist re. 
ported typical tuberculosis of the navicular. At the time of discharge, six months after operation, the 
patient was walking with a normal gait, with good ankle motion, and without pain. 

Case 6. On April 2, 1944, this nurse, a second lieutenant, was thrown from a horse and fractured her 
tarsal navicular on the right. The foot was placed in a cast for six weeks, then she gradually became 
ambulatory and, after four weeks more, returned to duty. At first she had only mild aching pain; but 
began to have more severe pain, which was progressive. She was admitted to this Hospital on January §, 
1945. On March 5 a triple arthrodesis, plus arthrodesis of the cuneonavicular joints, was performed. Two 
months later full weight-bearing was possible in a cast, and there was good bony union. All immobiliza- 
tion was discarded, and three months after the operation she was bearing full weight without a limp, 
without pain, and with good ankle motion (Figs. 4-A, 4-B, and 4-C). 

Case 7. On January 14, 1945, this soldier, a private, sustained a compound fracture of the tarsal 
navicular when his rifle accidentally discharged. The wound of entrance was on the dorsomedial aspect 
of the foot, and the wound of exit on the plantar surface. After débridement, a plaster cast was applied 
and maintained until arrival at this Hospital, April 23, 1945. Immobilization was discontinued gradually, 
and a program of progressive activity was started. Pain persisted in the mid-tarsal area and gradually 
became worse, associated with a marked limp. On September 15, 1945, a triple arthrodesis, plus fusion of 
the cuneonavicular joint, was performed. In January 1946 the patient was bearing full weight without 
support, and at the time of discharge, in March 1946, he had no pain and walked without a limp. 


From the cases just described, it is apparent that traumatic arthritis is a very common 
sequel to fracture-dislocation of the tarsal navicular. In the author’s opinion, the results 
obtained in cases of triple arthrodesis plus arthrodesis of the cuneonavicular joints are 
superior to the results obtained after fusion of only the involved joints. On the basis of 





Fia. 4-A 


Case 6. Dislocation and fracture of the navicular. 
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such a small series of cases, however, it is not logical to advise the more extensive arthro- 
desis in every case of fracture or dislocation; there will certainly be cases in which this js 
not necessary. For example, in the case of an acute injury where open reduction is indi- 
vated, the circulation of the foot and the general tissue reaction may contra-indicate ap 
extensive surgical procedure. In such cases it is conceivable that the localized arthrodesis 
would be the procedure of choice. The author does feel, however, that in the absence of 
such circumstances the triple arthrodesis, plus arthrodesis of the cuneonavicular joints, 
offers the best assurance of eliminating pain in the foot, and that it should be carried out 
in all cases of traumatic arthritis about the navicular. 
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HUMERUS VARUS FOLLOWING BIRTH INJURY TO THE PROXIMAL 
HUMERAL EPIPHYSIS 


BY LEO S. LUCAS, M.D., AND JOSEPH H. GILL, M.D., PORTLAND, OREGON 


From the Shriners’ Hospital for Crippled Children, Portland 

Two identical and unusual cases of humerus varus have been observed in the Shriners’ 
Hospital. A search of the literature has failed to disclose the report of a similar deformity 
in the relation of the head to the neck of the hu- 
merus. In both eases, the involved brachium was 
markedly shortened and had associated limitation 
of motion, especially of abduction. In one case there 
was a definite history of trauma to the arm at birth; 
in the other ease no history of injury could be ob- 
tained. However, in view of the absolute similarity 
of these cases, the authors believe that trauma at 
birth was the etiological factor in each. The roent- 
genograms showed marked varus of the head, in 
relation to the shaft, of the humerus. There was 
marked narrowing of the neck distal to the epi- 
physeal plate, which was patent laterally and oblit- 
erated medially. This partial epiphyseal oblitera- 
tion explains the shortening of the humerus and 
the varus of its neck, which resulted in greatly re- 
stricted motion. It was thought that the injury to 
the epiphysis probably occurred as a result of too 
vigorous effort on the part of the obstetrician in 
liberating the arm at the time of delivery. The de- 








Fig. 2 Fig. 3 
Fig. 1: Drawing of the head of the humerus, before operation. The small fragment shown is the 
thin shell of bone, removed at osteotomy. 
Fig.2: Shows the approximation of fragments and the abduction after osteotomy. 
Fig.3: Shows the arm in position of abduction, after healing has taken place. 


lormity was corrected by wedge osteotomy, abduction of the arm (Figs. 2 and 3), and 
application of a shoulder spica. Primary union occurred in both cases, with excellent 
lunctional results. 

Case 1509, L. M. The patient, a thirteen-year-old white male, entered the Clinic on September 6, 


1934, with a complaint of disability of the left shoulder, gradually increasing since birth. The child had 
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had a breech delivery, with trauma to the left arm. The mother stated that the arm had been dislocated 
during delivery, and had been strapped to the infant’s side for one week. 

Physical examination showed atrophy and marked shortening of the left brachium, as compared 
with that on the opposite side. Abduction was possible to 45 degrees. The shoulder easily became dis. 
located posteriorly. Roentgenograms showed marked varus of the humeral neck, with closure of the 
medial portion of the epiphyseal plate (Fig. 4-A). Motion was markedly restricted in all directions 
(Fig. 4-B). 

On December 5, 1934, a wedge osteotomy of the neck of the left humerus was done. The arm was 
abducted while the head was maintained in position, thus correcting the varus deformity. A plaster 
shoulder spica was applied with the arm in 90 degrees of abduction. Six weeks after operation the cast 
was bivalved, and active and passive exercises were begun. One week later the cast was removed, and 4 





Fia. 4-A Fic. 4-C 


L. M. Before correction. Thirteen months after operation. 





Fic. 4-B Fic. 4-D 


Before correction. Thirteen months after operation. 
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Fic. 5-A Fig. 5-C 
G.J. Before correction. lifteen months after operation 





Fic. 5-B Fic. 5-D 
Before correction. Fifteen months after operation 


platform splint was applied. After five weeks, the splint was discarded and the patient was discharged, 
with excellent function of the shoulder joint. 

Thirteen months after operation the patient returned for a final check-up, which showed excellent 
function of the shoulder (Figs. 4-C and 4-D). Active abduction was possible to 160 degrees, and flexion 
and extension were normal. The muscle strength was good. 

Case 2776, G. J. The patient was a thirteen-vear-old white boy, who entered the Clinic on Sep- 
tember 2, 1943, with a complaint of shortening and limitation of motion of the left brachium His 
parents stated that the deformity had gradually increased since infancy. No definite history of trauma, 
either at birth or thereafter, was obtained. 

Physical examination showed marked shortening of the left brachium, as compared with that on 
the other side. Marked limitation of motion about the shoulder joint was observed, and passive abduc- 
tion was possible only to 80 degrees. Considerable weakness of the shoulder muscles was present. Roent- 
genograms disclosed closure of the proximal epiphyseal plate on its medial aspect and patency laterally 
(Fig. 5-A). Marked shortening and varus of the humeral neck were present. 

On October 20, 1943, a wedge osteotomy of the area of the deformity was done. While the head was 
held in position, the arm was abducted to 90 degrees with resultant correction of the deformity. A left 
shoulder spica was applied while the arm was in this position. Two weeks after operation, the cast was 
bivalved and removed. The arm was placed on a platform splint in 90 degrees of abduction, and physical 
therapy was started. One month after operation the splint was removed. At this time the boy was able 
to abduct his arm actively to 170 degrees; rotation, flexion, and extension showed minimum restriction 

The patient returned fifteen months after operation for a final check-up, at which time he had a 
complete range of painless motion and normal muscle strength (Figs. 5-C and 5-D). 
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AUTONOMIC CONTROL OF SYNOVIAL-FLUID REACTION * 


BY C. I. REED, PH.D., HERMAN JOFFE, M.D., AND NORMAN R. JOSEPH, PH.D., CHICAGO, ILLINOIS 


From the Departments of Physiology and Orthopaedic Surgery, 
University of Illinois, Chicago Colleges 

In an earlier investigation, determinations were made of the pH changes in th 
synovial fluid of dogs in relation to blood pH and to various other physiological and chem- 
ical conditions.? Certain mechanisms involved in the exchange of fluid and electrolytes 
between blood, tissues, and joint cavity were inferred from the nature of these relations 
In order to elucidate the effects of autonomic vasomotor controls on the electrolyte ex- 
changes, the method of perivascular sympathectomy of the femoral vessels has been 
applied. Comparison of responses of the normal joint with those of the joint on the 
denervated side in the same animal has permitted a tentative evaluation of various factors 
involved in fluid and electrolyte exchange. It is the purpose of this paper to determine the 
nature of the autonomic regulation of normal balance in these tissues. As an index of 
changes within the joint, the pH of the synovial fluid was followed over a period of time, 
as in the earlier study. 

METHOD 


The determinations of pH in blood and synovial fluid were made as in the earlier 
investigation, except for one modification. The method was to insert a needle reference 
electrode into the synovial fluid. A capillary glass electrode, mounted 
in the needle, also made contact with the fluid. The needle was 
electrically insulated on the outside by application of a lacquer 
Ao-AcCi which was resistant to heat and moisture. It was silver plated in- 
side by electrolysis of dilute potassium silver cyanide. Silver chlo- 
ride was deposited by electrolysis of dilute hydrochloric acid. The 
HCL glass electrode was prepared as a very fine capillary, and filled with 

tenth-normal hydrochloric acid. The end of the capillary was care- 
fully sealed in the flame of a micro burner. A silver-silver chloride 
Rubber electrode, prepared from 18-gauge silver wire, made contact with 











the acid. The pH was determined by means of a vacuum-tube 
electrometer. The results were calculated, as in the earlier work, 
by calibration against standard solutions. The two electrodes were 





Needle 
di*— electrode carson 
assembled as shown in Figure 1. 


In the present work, the capillary glass electrode was mounted 
Glass in the needle electrode by means of a short piece of thick-walled 
electrode rubber tubing, attached to the upper end of the needle. The tubing 


CU es UP 


Uru 

















: replaced the syringe barrel, used for that purpose in the previous 
H work. The needle was inserted into the knee-joint cavity in such 
E a manner that it stdod in a nearly vertical position when the glass 
; electrode was mounted. It was unnecessary to remove the electrode 
| at any time during the course of an experiment. The rubber tubing 
Fig. 1 is a connection of sufficient elasticity to allow for unexpected move- 
Gilass-electrode as- ments of the knee joint, without danger of breaking the glass elee- 


sembly for in vivo 


pH determinations. trode. Electrodes used in the determination of blood pH were 


mounted in a similar manner, but the needle electrode was per- 
mitted to lie flat in a horizontal plane, resting on a pad of cotton. The pH determinations 
were carried out as described previously. Electrodes were calibrated on standard solutions 
at 37 degrees centigrade. 
* This investigation was supported, in part, by a grant from Nutrition Research Laboratories. 
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TABLE I 


STIMULATION Recovery CurvE ON Doc No. 6 * 


pH Determinations 


Time 
(Minutes) Righ , a is . e ; 
tight Knee Right Vein Left Knee Left Vein 
2 7.46 
4 7.38 
5 7.49 
6 7.46 
7 7.43 
8 749 
9 743 
10 — 7.50 
114 746 751 
13-14 Stimulation of left femoral nerve for 1 minute 
144 ; 7.28 
154 : 7.25 
163 7.28 
174 7.45 
18 7.36 
19 ay: 7.38 
194 7.40 
20 7.44 
203 754 
21 7AZ 
214-224 Stimulation of right femoral nerve for 1 minute 
234 6.92 
25 7.11 
26 6.86 
27 7.19 
28 6.78 
29} 7.38 
303 6.90 
32 7.11 
33 7.11 
34 7.49 
353 7.16 
36) 7.16 
37 Perivascular sympathectomy of left femoral vessels begun 
39 7.44 
10)! 7.10 7A6 
41 Svmpathectomy completed 
12-43 Stimulation of left femoral nerve for 1 minute 
133 ei Seed 7.10 7.20 
45 7.10 
46 er 7.40 
18) 7.10 
19 7.08 
51 7.43 
53} 7.06 
54-55 Massage of left knee for 1 minuts 
55} ae 7.10 
57 740 
58 7.13 
63 7.18 
64 7.15 743 


* Perivascular sympathectomy of right side was carried out on April 3; final experiment was done 
on April 10, with nembutal as the anaesthetic. 


EXPERIMENTAL STUDIES 


The method of perivascular sympathectomy, as applied to the study of pH changes in 
synovial fluid, has the following purposes: The operation modifies circulatory control 
distal to the surgical site, since vasomotor impulses normally conducted by the fibers are 
interrupted, thus modifying the water and electrolyte balance between joint cavity, tissue 
fluids, and vascular tree’. Predominantly, the chronic result was permanent dilatation of 
the capillaries, presumably with damage to the wall and flow of transudate into the tissues. 

The operation was performed one week in advance of the observations on synovial- 
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TABLE II 


COMPARISON OF NORMAL AND DENERVATED Sipes FoLLow1ING STIMULATION 








| pH Determinations at the Following Intervals 
Dog Joints* | Resting After Stimulation: 
No. pH | . 
1 Min. 5 Min. | 10 Min. 20 Min. 30 Min, 
6 N 743 | 7.28 728 | 742 7.44 
S 7.46 | 6.92 6.86 7 7.10 
7 N 7.28 7.12 7.07 7.20 7.25 7.25 
S 7.20 6.87 6.65 6.75 6.80 
8 N 7.24 6.94 6.98 7.18 7.25 
8 7.28 6.65 6.63 6.70 6.70 
9 N 738 7.10 7 7.25 7.30 7.35 
S | 7.36 7.13 4 7.22 7.22 7.33 
10 N 7 46 6.91 6.99 7.16 7.22 | 7.23 
S | 7.24 6.89 6.78 6.62 6.58 | 60 
13 N 7.28 7AR 7.19 724 7.32 7.32 
S 7.36 747 7207 7.15 7.16 
14 | N 7.45 7.32 7.38 7.40 7.40 
S 7.37 7.15 7.13 7.10 7.10 
15 | N | 7.29 7.05 7.14 7.19 7.29 7.32 
Ss 7.24 7.00 6.97 6.94 6.98 7.00 
16 N 7Al 7.22 729 7.40 7.43 
s 7.31 7.09 7.14 7.10 7.13 7.16 
18 N 7.33 7.10 7.15 7.18 7.26 7.24 
S 7.24 7.02 7.00 7.07 7.12 7.13 


* N denotes normal side, S sympathectomized side. 


fluid pH. At the time of the final experiment, constriction of the femoral blood vessels and 
mild oedema distal to the surgical site were clearly evident. 

The operation was performed in the following manner: An incision was made parallel 
to the femoral vessels, and the adipose tissue was separated from the vessel sheath. By 
sharp dissection, the sheath was carefully removed from the femoral vessels, and the over- 
lying structures were closed with interrupted sutures. 

One week after the performance of the perivascular sympathectomy, the electrometri¢ 
pH determinations within the joints and veins were made. The femoral nerves, arteries, 
and veins were exposed on both sides. Both femoral nerves were cut and tied, preparatory 
to stimulation. Four sets of electrodes were inserted, one into each knee-joint cavity under 
the patella, and one into each femoral vein. The electromotive force of each was deter- 
mined for a period of ten to fifteen minutes, until the values of all beeame constant to two 
or three millivolts (0.03 to 0.05 pH). 

Each experiment had as its objective the comparison of the effects of nerve stimula- 
tion and muscle contraction on the joint pH of the two sides. The blood pH was also fol- 
lowed on both sides. After peripheral faradic stimulation of each nerve for one minute, 
the corresponding pH values of joint and blood were read at short intervals for a period 
of thirty minutes or more. The two joints were compared with respect to the initial pH 
change after stimulation, and with respect to variations of pH over the entire period. In 
five experiments, acute perivascular sympathectomy was performed on the normal side 
after its responses had been studied with the sympathetics intact. Immediately after 
sympathectomy, the response to nerve stimulation and muscle contraction was studied for 
comparison with data obtained as described. The complete record of such an experiment 
is given in Table I. 
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Stimulation recovery curves of pH. N denotes normal side, S sympathectomized side 

In ten additional experiments, effects of other variables—such as joint massage or 
injection of weak acids or bases—were compared on the normal and denervated sides. In 
these cases the effect of massage on the two knee joints was determined on the resting, 
unstimulated joint, with the pH at a steady level in the physiological range (approximately 
7.2 to 7.5). Its effect was also studied immediately after stimulation and at various other 
times during the recovery curve. 


RESULTS 
A. Recovery Curves 

Four sets of stimulation recovery curves are shown in Figure 2. These have been 
selected from all the observations to illustrate the range of effects on the normal and 
sympathectomized sides, and the various types of response that have been observed. The 
effects of nerve stimulation on blood pH also have been noted on both sides in these 
animals. In all cases the pH in the femoral veins fell sharply to a minimum in from one 
to two minutes, and rapidly recovered, approaching the resting level within five or ten 
minutes. Because of this relatively constant effect on both sides, differences in the recovery 
curves of the blood pH cannot be related to differences of response in right and left 
knee joints. The recovery of blood pH was invariably much more rapid than the recovery 
of joint pH, on both sides. 

In each of the four sets of comparative curves in Figure 2, the time origin is taken as 
approximately the time of beginning of the stimulation. Actually, the two femoral nerves 
were stimulated at different times, the second stimulation being applied from fifteen to 
thirty minutes after the first in order to allow time for partial or complete recovery on the 
previously stimulated side. The curves are drawn to the same time origin in order to 
clarify the comparisons. In cach of the four normal recovery curves in Figure 2, the initial 
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Effect of massage on stimulation recovery curves. N denotes normal side, S sympathectomized side. 


effect is a sharp fall of pH after stimulation, with a rather sharp minimum value being 
reached in from one to five minutes. Following this, a phase of recovery occurs, with the 
pH rising. Finally, in fifteen to thirty minutes, there is an asymptomatic approach to a 
final recovery value, which is usually in the neighborhood of the original resting pH. 

In each of the curves for the denervated side, there is an initial sharp fall of pH 
following stimulation and contraction. The magnitude of this effect is usually greater on 
the denervated side than on the normal side. In most cases the pH recovery curve shows 
a very flat minimum, occurring much later than the minimum on the normal side. Many 
of the curves for the denervated side show little or no recovery after the pH minimum has 
been reached. In Figure 2, C, the recovery curve on the denervated side approaches that 
of the normal side over a considerable time interval. In another curve (Fig. 2, D), there is 
a rather rapid recovery about twenty minutes after stimulation. The other two curves, 
A and B, which show flat pH minima and poor recovery, are more typical of the results 
on the denervated side. Curves B and C illustrate the extreme types of response, the 
former showing very poor recovery and the latter showing recovery approaching that of 
the normal side. 

A more extensive comparison of the normal and denervated sides is given in Table II 
for a larger number of animals. The results are presented as pH values at various time 
intervals after stimulation. They show that the initial effect of stimulation is generally 
greater on the denervated side than on the normal side, and that recovery is much slower 
in the former. 


B. Effects of Massage 
In the earlier investigation, massage was generally found to facilitate recovery of the 
joint pH, following femoral-nerve stimulation and muscle contraction. These results 
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applied to extremities with intact autonomic innervation. It was assumed that the effect 
depended upon facilitation of the exchanges of fluid and electrolytes between joint cavity, 
tissue fluids, capillaries, and lymphatics. In the present investigation a comparison of the 
effects of massage on the normal and sympathectomized sides has shown some interesting 
points. 
The results of four massage experiments are shown graphically in Figure 3. They 
are typical of a more extensive series, including ten animals. When a normal resting joint 
with a pH in the range of 7.2 to 7.5 is massaged for one minute, the pH usually falls by 
about 0.1, but recovers within a minute or two. The comparable effect on the sympa- 
thectomized side is usually small or negligible (Fig. 3, A and C). When, however, the 
massage is applied to a joint, the pH of which has been previously displaced by femoral- 
nerve stimulation and muscle contraction, as in the pH recovery experiments, the effects 
are quite different on the two sides. When the knee on the normal side is massaged within 
a few minutes after stimulation, the pH recovery is very rapid (Fig. 3, B and D). Massage 
applied to the knee joint on the sympathectomized side shortly after femoral-nerve stimu- 
lation is found, on the other hand, to lower the pH even further (Fig. 3, B). This contrast 
between normal and sympathectomized sides is found also when massage is applied later 
in the recovery phase. Figure 3 (A, C, and D) illustrates the types of effect that were 
found. In A, massage applied on the normal side ten minutes after stimulation increased 
the pH moderately. In C, when applied on the normal side twenty minutes after stimula- 
tion, it increased the pH moderately after a slight fall. On the other hand, when the knee 
joint on the sympathectomized side was massaged twenty or thirty minutes after stimula- 
tion, the result was generally a sharp fall of pH. A similar drop of pH occurred when that 
joint was massaged within a few minutes after stimulation (Fig. 3, B). 


DISCUSSION 


The experimental results show consistent differences between the effects of nerve 
stimulation on the joint pH of the normal and sympathectomized sides. ‘These differences 
are most pronounced with respect to the rate of recovery of pH in the resting period fol- 
lowing stimulation. Response to massage is also contrasted on the two sides. On the sym- 
pathectomized side, recovery of pH is relatively slow; and often there is none. On the 
same side, the pH usually falls when the joint is massaged at any time subsequent to nerve 
stimulation. These responses contrast markedly with those on the normal side. 

As has been pointed out, these pH changes do not correspond to changes in the blood 
pH, as observed in the femoral vein. In all eases, blood pH recovers rapidly on both sides 
after an initial sharp drop following stimulation. Therefore, exchange of fluid and electro- 
lytes between capillaries and joint fluids is not sufficient to account for the observed 
differences. 

Is it possible to relate these differences to other changes which occur following peri- 
vascular sympathectomy? As has been pointed out, these changes include a disturbed 
balance between tissue fluid and blood, and an impaired venous return. Both factors are 
related to pH and electrolyte balance of the joint fluid, because of exchanges with the 
tissue fluid. On hydrodynamic principles, fluid exchanges between blood, tissues, and joint 
‘avity depend on pressure gradients. From this point of view, the poor recovery following 
stimulation on the sympathectomized side is related to the lowered pH following massage. 
During muscle contraction, acid metabolites are formed. Because of the cireulatory im- 
balance, they accumulate in the tissue fluids. Poor venous return from the joint and 
exchanges of tissue-fluid electrolytes with the joint fluid delay the recovery of the joint 
pH during the resting period. Massage lowers the joint pH by forcing the acidic tissue 
fluid into the joint cavity. On the normal side, massage increases the pH by facilitating 
exchanges with both blood and tissue fluid, the pH of which recovers rapidly after stimula- 
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tion. Therefore, maintenance «1 normal fluid and electrolyte balance in the joint cavity 
depends upon vasomotor control of the autonomic nervous system. 
Note: The authors are indebted for advice, suggestions of value, and important assistance to 
F. A. Chandler, M.D., and Warren S. McCulloch, M.D. 
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SECONDARY CLOSURE OF WOUNDS ASSOCIATED WITH 
COMPOUND FRACTURES 


BY MAJOR JAMES O. BARR * 
Medical Corps, Army of the United States 


This report consists of an analysis of 195 cases of compound fracture, comprising a 
total of 289 wounds. All of the wounds under consideration communicated directly with 
the fracture site. The primary purpose of the investigation was to find the factor or fae- 
tors most responsible for successful closure of a wound, and to determine what caused a 
wound to break down,—partially or completely. A further consideration was whether or 
not secondary closure contributed to, or helped prevent, the development of osteomyelitis 
in compound fractures. .In this paper osteomyelitis has been classified as follows: (1) A 
localized infection developing in the bone at the base of the wound has been considered as 
localized osteomyelitis;.and (2) a diffuse infection spreading through the bone beyond the 
traumatized area has been considered as diffuse osteomyelitis. 

In general, all wounds compounding fractures, treated in the 110th General Hospital, 
were closed wholly or in part. A few cases were rejected on the basis of profuse purulent 
drainage and sloughing, excessive skin loss, and, in two cases, of Bacillus welchii infection. 
Therefore, of the 195 cases, eighteen were rejected, leaving a total of 177 cases with 262 
wounds. In other words, 90.5 per cent. of the patients with compound fractures underwent 
secondary closure. 

Preoperative preparation was based primarily on the general condition of the patient. 
In only a few instances was the condition serious enough to require immediate treatment. 
The patients were given a period of twenty-four hours in which to rest and recuperate 
from the rigors of travel. This was found to be important in the general care, as well as in 
the mental and physical effect on the patient. Patients who had severe loss of blood and 
plasma, particularly as a result of large, gaping wounds and large bone fractures, were 
given blood and plasma, as necessary. 

The operative technique was essentially the same for all patients. The skin surround- 
ing the wounds was cleansed thoroughly with soap and water, shaved, and treated with 


* Formerly Chief of Orthopaedic Service, 110th General Hospital. 
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jodine and aleohol. The skin edges were freshened, care being taken to remove as little 
skin as possible. Skin flaps were undermined around the wound, until it was obvious that 
further undermining would relax no more skin. Reflection of the flap was done in the plane 
of cleavage between the subcutaneous tissue and the deep fascia overlying the muscles. 

The depths of the wounds were treated in the following manner: Those which had a 
layer of debris and slough were debrided and cleaned until fresh, healthy tissue was pres- 
ent. In the earlier cases, no fragments of any size which were still attached and in relation 
to the fracture site were excised. Later it was found that wounds progressed more favor- 
ably if considerable care was taken to remove all debris, such as the comminuted bone 
fragments and foreign bodies in the depths of the wounds. As the last step, the wound was 
irrigated thoroughly with normal saline. Stay sutures of bone buttons and steel wire were 
used in most of the cases. These were placed in such a manner that the buttons were at 
least an inch from the wound edges; it was found that they could be tied with considerable 
tension without causing skin necrosis. The skin edges were approximated with interrupted 
sutures of heavy silk, placed not closer than one-half inch apart. A small rubber tissue 
drain was placed beneath the skin of each wound, and was removed on the third day. Nou 
attempt was made in any case to obtain a cosmetic closure. 

The various factors which were considered of importance in this type of secondary 
closure were carefully recorded and analyzed statistically. These charts have been omitted 
for the sake of brevity. In order to analyze the results statistically, a wound which stayed 
closed 90 per cent. or over was arbitrarily selected as a base for estimating the percentage 
of closure. In estimating the percentage closure of wounds, the approximation of skin was 
used as a basis; but in a great many cases where the skin edges broke open partially, the 
soft tissue beneath remained closed and kept the fracture site covered. 


RESULTS 


It was possible at the time of operation to close 227 of 254 wounds 90 per cent. or over. 
Of these, 213, or 93 per cent., remained closed 90 per cent. or over. 


Effect of Chemotherapy 

The value of administering chemotherapy during the closure of these wounds was in- 
vestigated, with surprising results. The cases were grouped into (1) those receiving peni- 
cillin alone, (2) those receiving sulfadiazine alone, (3) those receiving both penicillin and 
sulfadiazine, and (4) those receiving no form of chemotherapy. Only four cases received 
penicillin alone; in all of these the wounds healed, but the number of cases is considered 
not large enough to be significant. Of seventy-six wounds, the closure of which was accom- 
panied by the systemic administration of sulfadiazine, sixty, or 79 per cent., remained 
closed 90 per cent. or over. Of fifty-two wounds closed in conjunction with the administra- 
tion of both penicillin and sulfadiazine, forty (77 per cent.) remained closed 90 per cent. or 


TABLE I 
RELATION OF EryTHROCYTE CouNT TO PERCENTAGE OF WouNpD CLOSURE 
Closure of Wounds os Closure of 
Red Blood | (Per Cent.) Total 99 Per Cent. 
Cells — Bex No. of | and Over 

(Millions)| 1900 | 909 | 80 | 70 | 60 | 50 | 40 | 30 | 20 | 10 | © | ©A8eS | (Per Cent.) 
1.0 to 1.95 3 Z i 6 83* 
2.0 to 2.95 | 10 | 2 4 | 3 1 1 3 24 50 
30to3.95 | 51 5 | 3 | 2 1| 3 3 | 68 82 
40to495 | % | 8 | 3 | | 3 | | | 2 | 112 93 

7 4 1 Ss 210 84 


Totals | 160 | 17 | 10 | 3 


* This group is considered not large enough to be significant. 
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TABLE II 


RELATION OF HEMOGLOBIN DETERMINATION TO PERCENTAGE OF WouND CLOSURE 


eten Closure of Wounds Total Closure of 
ae (Per Cent.) Ola! | 90 Per Cent. 
globin ; . No. of and Over 
(Per Cent.)| 199 00 80 70 60 50 40 | 30 20 10 | o | ©Aases | (Per Cent, 
30 to 39 2 1 1 4 75* 
40 to 49 l 2 1 1 75* 
50 to 59 6 2 3 1 4 1 4 21 38 
60 to 69 28 2 3 2 2 3 2 42 71 
70 to 79 34 5 2 1 42 93 
80 to 89 88 7 2 1 2 100 95 
Totals 159 19 10 4 8 4 1 8 213 83 


* This group is considered not large enough to be significant. 


over. On the other hand, of 103 comparable wounds that were closed without either drug, 
ninety-one (88 per cent.) remained healed 90 per cent. or over. 

These statistics show definitely that there was no appreciable difference in wound 
healing in the cases treated with sulfadiazine and penicillin and in those in which no 
chemotherapy was given. It should be mentioned, however, that wounds receiving no 
chemotherapy were usually small, and that the general condition of the patients was good. 
On the other hand, enough wounds, both medium and large, held satisfactorily without 
chemotherapy to make the author believe that chemotherapy, administered during the 
process of closure, had little or no advantage. All patients received sulfadiazine during 
evacuation, however, and many had penicillin in addition. 


Erythrocyte Count and Hemoglobin 

In correlating the effectiveness of closure with the blood picture of the patient on 
admission, it was seen that, in general, the better the red-blood-cell count and the hemo- 
globin value, the better chance the patient had of a final closure of 90 per cent. or over. 
The estimations of the red blood cells and hemoglobin were made separately, and closely 
paralleled each other in their conclusions (Tables I and II). 


Location of the Wound 

As work progressed on these secondary closures, it was soon evident that the anatomical 
location of the wound was an important factor in determining not only the wounds which 
could be closed initially, but also the final percentage of closure. The best results were 
obtained in regions where there was an adequate amount of subcutaneous tissue and good 
elasticity or mobility of the skin; on the’other hand, in areas where the cutaneous tissue 
was of poor mobility, the mechanical disadvantage thereby created caused a greater diffi- 


TABLE III 


ANALYSIS OF Type oF DiscHARGE FROM WouND 


Closure of Wounds Closure of 


ror CO er Cent. 
Discharge (Per Cent.) Total yet a 
100 90 80 70 60 50 40 to 10 0 (Per Cent.) 
Serous | 66 4 1 1 | 72 97 
Serosanguineous | 99 | Il | 5 ‘ 4 3 4 129 | 85 
Seropurulent | 23 | 9/ 6|/ 4] 5] 8 | 4 | 54 | 60 
Purulent | | 1 | | 3 4 0 
Totals 188 | 24 | 11 8 | 10 7 11 | 259 | 82 


f a 
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culty in the initial closure and caused many wounds to break down, partially or completely. 
Thus it was found that poor results were obtained in the leg and foot. Here only 76 per 
cent. and 82 per cent., respectively, of the wounds remained healed 90 per cent. or over, 
whereas the results obtained in all other wounds (exclusive of the hip) were successful by 
this standard in 95 per cent. of 175 cases. These figures show that the tension factor is of 
great importance, not only in the initial closure of the wound, but also in the ability of the 
wound to remain closed and heal by first intention. 


Nature of the Discharge 

It was the author’s impression early in the series that the type of discharge presented 
by these wounds on admission affected their ability to heal without complication. There- 
fore, wounds were tabulated according to the type of discharge,—namely, serous, serosan- 
guineous, seropurulent, and purulent. Table III shows conclusively that wounds having 
seropurulent or purulent discharges did not heal nearly so well as did wounds presenting 
serous or serosanguineous discharges. 


Time of Closure 

It was at first believed that the earlier a wound was closed, the better the results would 
be. This is true in making it possible for the surgeon to close the wound initially, because 
the skin and underlying soft tissues have not had time to become fixed. This fact is of the 
utmost importance, and cannot be stressed too strongly. However, the figures show that the 
time element in itself does not affeet the healing processes of the wound after its closure. 


Failure of Closure 

There were nine complete failures. Seven of the nine occurred in wounds below the 
knee; six of these occurred in patients having an erythrocyte count of 4,000,000 or below, 
four of whom had shown a hemoglobin of 70 per cent. or below; and five of the nine had 
seropurulent or purulent discharges from the wounds. Although no definite conclusions ean 
be drawn from these facts, it is evident that a combination of the anatomical location, the 
character of the wound discharge, and the general blood picture of the patient is of prime 
importance in determining the final result. 


Extensive Comminution 

When these secondary closures were begun, the possibility that osteomyelitis might 
develop underneath the closed soft tissues was considered. It was soon evident that osteo- 
myelitis, in the usual sense of the word, was not going to be a problem. However, it was 
noticed that certain wounds, particularly those which had severe comminution in a portion 
rich in medullary bone, occasionally broke down and drained. This drainage at first was 
usually a reddish-brown, odorless slough, which subsequently changed to thick, creamy, 
light-yellow discharge, having the odor of necrotic bone and often containing small particles 
of dead bone. This open and discharging wound became secondarily infected with outside 
contaminants, resulting in a localized bone infection or a localized osteomyelitis, depending 
upon how it is classified. In only a few cases did the wound show signs of acute inflamma- 
tion before opening and discharging. The author believes that the majority of these break- 
downs begin with sloughing of cortical and medullary bone, which, on disruption of the 
wound, becomes secondarily infected by external contaminants. It is possible that, by more 
thorough removal of these traumatized bone fragments, the incidence of this process can be 
decreased. 

In the first series of cases (September to December 1944), this localized bone infection 
occurred in 15.2 per cent. of the cases, while in the second series (January to March 1945) it 
occurred in 9.5 per cent. This decrease in incidence was probably due to two factors, the 
most important being that the second series of cases was composed of less severe wounds 
With less traumatization of bone, and, second, that removal of bone fragments and other 
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necrotic material was more thoroughly performed. In the first series, diffuse spreading of 
infection beyond the boundaries of the fracture site did not develop. In the second series, 
there was one case (in a tibia) in which the inflammatory process spread beyond the fracture 
site and became a typical diffuse osteomyelitis. In many of the cases in which a localized 
infection developed, this cleared satisfactorily and the cavity became granulated, partially 
or entirely, by the time the patients were transported to the United States. 

The author believes that the value of secondary closure of compound fractures is defi- 
nitely established. By closing the wound rather than allowing it to fill in with granulations, 
the contour of the limb is re-established; the long period of granulation and skin-grafting is 
eliminated; and the patient’s stay in the hospital is considerably shortened. Also of impor- 
tance is the fact that fibrosis and fixing of the soft tissues around the fracture site are mini- 
mized. In large gaping wounds, where the patient is losing large amounts of protein through 
profuse drainage, secondary closure stops this serum loss and remarkably improves the 
general condition of the patient. In addition, secondary hemorrhages, which had previously 
been a serious complication, practically disappeared. 

The wounds which are the most difficult to close initially and the most difficult to keep 
closed are those in locations where the skin is tight and of poor mobility, and where there is 
little subcutaneous tissue. Wounds parallel in location—for example, on both sides of the 
arms or legs—are also difficult to close, and remain closed poorly, because the loss of skin is 
in such a position that too much tension is necessary to close both wounds. A procedure 
which has been used satisfactorily to combat this condition was to close one wound and 
place the limb in a cast. It was found that, in about a week, the oedema had subsided 
enough so that the second wound could be closed with relative ease. It has been found pos- 
sible to tie stay sutures under considerable tension, and the usual result is to find, the next 
morning, that much of the oedema in the wound has subsided and the stay sutures have 
relaxed to such a degree that they may have to be tightened. 


CONCLUSIONS 

1. Chemotherapy is probably of little or no benefit during the actual process of closing 
wounds associated with compound fractures. 

2. It is quite conclusive that, the better the blood picture, the better chance a patient 
has for his wounds to heal. 

3. It is believed that the age of the wound, in itself, has no particular significance with 
relation to whether or not the wound remains healed. 

4. The anatomical location of a wound is the most important factor both in the initial 
closure of the wound and in the final result after the wound has been closed. Wounds in the 
leg, particularly the lower third of the leg and around the ankle and foot, present the great- 
est number of partial and complete breakdowns. 

5. The type of wound discharge is probably not of great importance in the prognosis 
of secondary closures. Those wounds which present a seropurulent or purulent discharge do 
not heal so satisfactorily as those presenting a serous or serosanguineous discharge. 

6. No one factor alone can be cited as being of prime importance in breakdowns. 
However, the combination of anatomical location of the wound, the general physical condi- 
tion of the patient on admission, and the type of wound discharge have been shown to be of 
the utmost importance in the final outcome of these wounds. 

7. The occurrence of diffuse osteomyelitis after the closing of compound fractures 18 
not to be feared, and the benefit derived from closing the wounds far outweighs the slight 
(0.5 per cent.) chance one takes of diffuse osteomyelitis. 
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THE EVALUATION OF CORTICAL AND CANCELLOUS BONE AS 
GRAFTING MATERIAL 


A CLINICAL AND EXPERIMENTAL Stupy * 7 


BY LEROY C. ABBOTT, M.D., EDWIN R. SCHOTTSTAEDT, M.D., 
JOHN B. DEC. M. SAUNDERS, M.B., F.R.C.S. (EDIN.), AND 
FREDERIC C. BOST, M.D., SAN FRANCISCO, CALIFORNIA 


From the Division of Surgery, Department of Orthopaedic Surgery, 
University of California Medical School 

In this article the writers wish to record the results of their experiments on animals, 
which were made with the idea of determining the relative values of cancellous and cortical 
bone as grafting substances. Furthermore, they desire to present their findings regarding 
the use of either type of bone or both types jointly in various conditions encountered by 
the orthopaedic surgeon. These findings are based on experimental work, microscopic 
studies of human grafts, and clinical observations. A review of the extensive literature on 
the subject of bone-grafting and the various theories of bone formation will not be at- 
tempted in this article. However, mention should be made of the pioneer work in this field 
of Gallie, Phemister, and Albee, whose publications remain outstanding contributions to 
the fundamental knowledge of bone-grafting. In the text, reference is made to various 
articles, some of which contain complete bibliographies on various phases of the subject. 

Experiments on animals, which were made possible by a grant from the National 
Research Council, extended over a period of three years. A detailed description of these 
experiments, which were carried out by one of the writers (E. R.S.), will be given in later 
publications. There were five groups, as follows: 

1. Cortical defects, which were made in the shaft of the tibia, were filled by grafts of 
both cancellous and cortical bone. 

2. Complete resection of a segment of the middle of the shaft of the radius was done, 
and the defect was filled by grafts from the cancellous portion of the ilium, the rib, or the 
cortex of the tibia. 

3. Excision of the knee joint was performed, with supplementary grafts of cortical 
and cancellous bone. 

4. Iliac bone, cortical bone, and bone from the spinous process or the rib was placed 
in split spinous processes. 

5. Cancellous iliac bone was placed at the site of a transverse osteotomy of the tibia. 

(Nore: Controls were used in all of the groups of experiments.) 

Series I 

In the first group, rabbits were used. Most of the rabbits were young females, from 
four to six weeks old at the time they were acquired. They were kept for three or four 
weeks before operations were performed. Both tibiae were used. Cortical grafts cut from the 
tibia varied in length from 0.8 of one centimeter to 2.8 centimeters, the width of each graft 
being approximately one-half the breadth of the tibia. In this series, because of complica- 
tions consisting of fractures of the tibia and infected wounds, there were not sufficient 
animals for final comparative studies regarding the reactions in varying lengths of grafts. 
We were forced to group all of our grafts, therefore; and the results convinced us that the 

* Read at the Annual Meeting of The American Orthopaedic Association at Hot Springs, Virginia, 
June 28, 1946. 


_, 1 The experimental work described in this paper was done under a contract between the Office of 
Scientific Research and Development, Washington, D. C., and the University of California. 
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difference in length was inconsequential, since the grafts were all of the same width and 
were of full-thickness cortical bone. These grafts were cut from the subcutaneous surfaee 
of the tibia; and, in one group, the graft was removed in its entirety and replaced, in order 
to study the effects of replacing cortical bone grafts in the tibia. In the second group, g 
cortical plug was removed and bone taken from the ilium was substituted. This iliae bone 
contained its two cortical surfaces. In these instances the cancellous bone was placed ip 
contact with the medulla and the subcutaneous surface of the tibia. In a third. group, 
cortical grafts from-the tibia were removed and not replaced. These served as the centrols, 
Into defects created by the removal of bone from the ilium, cancellous bone and cortical 
bone were inserted to study their comparative reactions. 

The animals were anaesthetized with evipal, given intraperitoneal!y in the proportion 
of 110 milligrams to each kilogram of body weight. Supplementary novocain was some- 
times required. Death from anaesthesia occurred in a few animals. Osteotomes and 
motor-driven saws and drills were used to section the bone, and closure of the wounds was 
effected by cotton sutures. In order to prevent the animals from kicking and breaking 
their legs, both sciatic and femoral nerves were infiltrated with novocain in some cases. In 
others, neurectomies were performed. Fixation was secured by casts on both hind legs, 
extending from the toes to the groin. This method of immobilization did not entirely 
prevent breaking of the tibia, but fracture was less frequent. However, plaster fixation of 
the hind legs of a rabbit interferes with its normal feeding habits, for apparently there is a 
relationship between the use of the hind legs and digestion. Consequently, a high pro- 
portion of our rabbits ate very little, and many died of starvation. For those that survived, 
feed consisted of green cauliflower leaves, carrots, and prepared pellets which constitute 
a diet containing the necessary vitamins for normal rabbit development. The animals 
were housed in small cages, and those that did not die of starvation were sacrificed at 
intervals of four, seven, ten, sixteen, twenty-one, and thirty-five days; and autopsies were 
performed immediately. From the fifty-two animals originally prepared, forty-two grafts 
were obtained for study as follows: 


Cancellous bone—7 

Cortical bone with periosteum—5 
Cortical bone without periosteum—8 
Cortical and cancellous bone—12 
Controls—10. 





Discussion: In this group of experiments we found a great difference in the behavior 
of cortical and cancellous bone. In the former, there is very little difference between the 
action of grafts with or without periosteum. Moreover, in this series of experiments, few 
of the grafts with periosteum attached showed new-bone formation from the periosteum. 
In the graft bed, where the periosteum had been reflected without disturbance of its 
circulation, there was profuse new-bone formation. At the end of ten days, the cortical 
graft showed evidence of death by absence of cells in the lacunae. The Haversian systems 
were invaded by new vascular granulation tissue, while the surface of the graft was being 
absorbed with evidence of osteoclasts in Howship’s lacunae. The death of bone, its absorp- 
tion and invasion by granulation tissue, and a process of creeping substitution with new- 
bone formation, as described by Phemister, were clearly displayed. On the other hand; ff 
the cancellous graft at ten days, revascularization was much more rapid, and if the tra- 
beculae were reached by the new granulation tissue by that time, a considerable number 
of them lived to produce new bone. In those parts of the graft where nutrition was delayed 
beyond the ten-day period, death usually took place. Even with death of the trabeculae, 
revascularization was more rapid than in the case of the cortical bone. 
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Series II 

Our unsatisfactory experience with the use of the tibia in the first group of animals 
led to the selection of the foreleg in the second group. In the foreleg a segment of radius of 
approximately 1.5 centimeters was excised, creating in many instances a defect with non- 
ynion. The ulna was left as an intrinsic structure to prevent compounding. Non-union 
defects were created in the middle of the shaft of the radius on both sides. This site was 
chosen because, if the radius were excised near the wrist, radial deviation of the paw de- 
veloped, which gave a poor and shortened graft bed. In some defects, a synosteosis formed 
between the fragments of the radius and the ulna. In others, the space between the two 
ends of the radius was filled with callus. Generally when a good synosteosis occurred 
between the fragments of the radius and the ulna, there was a better chance of maintaining 
the defect in the radius. In some cases, however, synosteosis developed, together with union 
of the fragments of the radius. The defects in the radius were allowed to remain from two 
to five months before bone-grafting was done. The grafts were obtained from the ribs, the 
tibia with periosteum, and the ilium. No fixation was employed other than a collodion 
dressing to the wound. In a few animals, the tibia which had been operated upon frac- 
tured where the cortical bone had been removed, but for the most part there were few 
complications. In one or two animals, a compound fracture of the ulna occurred and in- 
fection developed. We found that the radius was an excellent site for the production of 
non-union. In the grafting procedures, the tibial grafts were laid so that they bridged the 
defect entirely, with their ends inserted into the medullary cavities of the radial fragments. 
Iliae bone was similarly placed as far as possible, but often, when the defect was too long 
for bridging by a single piece of cancellous bone, it was necessary to overlap two pieces of 
ilium. The control series included animals with the preoperative defect, in which only 
freshening of the ends of the radius, and opening of the medullary canal had been done. 
The pairing of the experiment was as follows: (a) ribs against control, and (b) tibia 
against ilium. In this series of experiments, thirty-one animals were used from which 
originally sixty-four specimens were prepared. Of these sixty-four, thirty-four were finally 
obtained for study, from which there were: 


Cancellous bone—11 

Cortical bone with periosteum—8 
Rib—6 

Controls—7 

Controls before second operation—2. 





The conclusions reached in this series were the same as those attained after completion 
of the first series, with the exception of the whole-rib graft. Discussion of the relative 
value of full-thickness rib graft and split-rib graft is included in the discussion of Series IV. 


Series IIT 

In the third series of experiments, dogs were used. To ensure their good health and 
to acclimate them to their surroundings, the animals were kept for several weeks before 
operation. They were housed in wire cages in rooms at regulated temperature, and for a 
part of each day, they were allowed freedom of open runways. Their diet consisted of lung 
and hamburger, fortified with sardine oil for vitamin D and tomatoes for vitamin C. 
Anaesthesia was obtained with intravenous sodium pentobarbital, supplemented at times 
by novocain. The preoperative preparation consisted of clipping the hair with surgical 
clippers and thorough preparation with soap and water, alcohol, and merthiolate. 
Through a medial incision, the upper half of the tibia and the lower half of the femur were 
exposed. The patella and the cartilaginous surfaces of the femur and tibia were then ex- 
cised, and a flap of bone was turned outward by incomplete vertical osteotomy of the tibial 
tubercle. Internal fixation of the femoral and tibial surfaces was secured by three Kirschner 
wires, and supplemented in our first group of experiments by plaster-of-Paris. Later the 
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plaster-of-Paris was found to be unnecessary. Across the line of excision, grafts of cap. 
cellous or cortical bone were placed, one vertically and two horizontally, on the anterior 
and lateral surfaces, respectively. In this group, grafts were also placed in the beds which 
had been prepared. In addition, the defects in the ilium created by removal of the grafts 
were used for the study of cortical and cancellous grafts laid in beds of pure cancellous bone, 

Forty-five dogs were operated upon, thirty-two of which were used for study. From 
the entire group of dogs, sixty-seven grafts were obtained. The types of grafts were ag 
follows: 


Cancellous bone—16 

Cortical bone from the tibia with periosteum—19 
Cortical bone without periosteum—14 
Controls—18. 


The grafts were divided into the following sub-groups: (a) cortical bone with peri- 
osteum in one leg as against cortical bone without periosteum in the other; (b) cancellous 
iliac bone in one leg as opposed to cortical bone with periosteum in the other; (c) controls 
as opposed to cancellous iliac bone; and (d) controls as opposed to cortical bone without 
periosteum. 

In this group of experiments, specimens were obtained at five, ten, fifteen, twenty-one, 
forty-two, and sixty days, respectively. The grafts removed for study were those which 
had been fitted across the front of the line of excision and into the trough created by the 
osteotomy of the tibial tubercle. 

Discussion: The study of the cancellous and cortical grafts revealed the same changes 
observed in the first two series of experiments. Cortical bone dies, is gradually absorbed, 
and then is replaced. A considerable part of the cancellous bone grafts live to form new 
bone. In those parts of the bone which are not revascularized sufficiently early, the 
trabeculae die, and the process from then on is the same as in the cortical bone. With 
revascularization, new bone forms, the old trabeculae are absorbed, and gradually the 
original pattern of cancellous bone is restored. These experiments offer support for the 
use of cancellous bone as a grafting material at the ends of the long bones, or in fusion of 
joints where the bone of the host is of a cancellous type. Cancellous grafts placed in 
intimate contact within a bed of vascular cancellous bone are rapidly invaded by vascular 
granulation tissue. This affords nutrition sufficiently early for promoting the growth of the 
many osteoblastic cells lining the trabeculae over a wide area, with the resulting formation 
of new bone. As a consequence, there is a rapid incorporation of the graft with union to 
the host. Cortical grafts placed in cancellous bone live only on their endosteal surface, 
which is of a relatively small area when compared to the endosteal surface and the nu- 
merous branching trabeculae of cancellous bone. Furthermore, the major part of a dense 
cortical graft must be invaded and replaced. Union is comparatively slow, and its deeper 
portion rarely becomes an intimate part of its host. It remains as a strut of cortex lying in 
the surrounding cancellous bone. 

These changes at the line of excision of the joint are of interest. Immediately after 
excision, a blood clot forms between the ends of the bone. This is replaced by vascular 
granulation tissue. Following in the wake of this granulation tissue, new bone is formed, 
which is evidenced by trabecular deposits of collagen, which are lined by osteoblasts. 
Finally there is a complete replacement of the original area of the excision with bone of a 
cancellous pattern. 


Series IV 


In this series of eight dogs, the spinous processes were exposed from the first to the 
seventh lumbar vertebra. The spinous process of the seventh lumbar vertebra was com- 
pletely excised to be used as a graft, as explained later. The spinous processes from the 
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first to the sixth lumbar vertebra were split longitudinally, and then pried apart to afford 
graft beds. Into the spinous process of the sixth lumbar vertebra, a piece of ilium with one 
cortical surface and one cancellous surface was inserted, so that the bone of the two types 
was applied to the cancellous surfaces of the spinous process. Into the spinous process of 
the fifth lumbar vertebra a wedge-shaped piece of the wing of the ilium, with one cortical 
surface intact, was put in an inverted position, so that its one cortical and two cancellous 
surfaces lay in contact with the cancellous surfaces of the spinous process. Into the 
spinous process of the fourth lumbar vertebra, a piece of tibial bone with its periosteum 
intact was placed, so that the periosteum faced outward. Into the spinous process of the 
third lumbar vertebra, a half section of rib with its cortical and cancellous surfaces was 
inserted. Into the spinous process of the second lumbar vertebra the spinous process of 
the seventh lumbar vertebra with one cortical surface removed was introduced. The split 
spinous process of the first lumbar vertebra was used as a control. Roentgenograms were 
taken of the six dogs immediately after autopsies had been performed. 

The sites in the tibia where the bone had been removed for grafts were used as con- 
trols and for the study of cortical-bone chips placed in a bed of cortical bone. Fifty-four 
grafts were secured from six animals at intervals of five, ten, fifteen, twenty-one, forty-two, 
and sixty days. They were of the following types: 


Cancellous bone—11 

Cortical bone without periosteum 
Cortical bone with periosteum—9 
Spinous process—4 

Rib—8 

Rib defects—5 

Controls—12. 





5 


Discussion: In this group of experiments, the same changes in cancellous and cortical 
grafts were noted as in the previous group. However, we were able to observe the changes 
of the split-rib graft used in this group of experiments, as compared with the second group 
of experiments in which were used the full-thickness rib graft and the spinous process, 
which is similar to the split-rib graft. In the split-rib graft, the medullary surface is rapidly 
invaded by vascular granulation tissue, which permits early formation of bone upon its old 
trabeculae. Furthermore, this rapid revascularization led to replacement by creeping sub- 
stitution of the dead trabeculae, similar to that seen in cancellous-bone grafts. When the 
rib is intact, revascularization of the cortical bone takes place through the granulations 
which arise from the graft bed, and, even more so, from the granulation tissue downward 
into the medullary canal at both ends of the graft. The process here is similar to that seen 
in cortical bone of the tibia, although the cortex of the rib is less dense, and invasion and 
replacement are correspondingly rapid. Following this granulation tissue, there is forma- 
tion of new bone, as described under the process of creeping substitution. Other details of 
the action of the rib graft are given later. 


Series V 

Seven dogs were used. Experiments were conducted to permit the study of grafts of 
cancellous bone placed in beds of cancellous bone. Through an anteromedial incision, a 
transverse osteotomy of the tibia was performed just below the tibial tubercle. The ends 
of the fragments of the tibia were separated by traction, and into the space created were 
placed wedges of cancellous bone from the ilium. Fixation was obtained by a Kirschner 
Wire passed through the graft and the adjoining fragments of the tibia. The protruding 
end of the Kirschner wire was cut flush with the bone surface. In many of the experiments, 
roentgenograms showed this fixation to be inadequate, and in consequence there was dis- 
placement of the graft. 
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Fic. 1 


Iliac graft at sixty days, with death of the graft because 
of poor contact with its bed. There are no cells on the 
surfaces of the trabeculae. 


Discussion: In this group, six. 
teen specimens were secured; they 
may be divided into two groups— 
those in which the grafts were main- 
tained in good position, and those 
where displacement of the graft oe- 
curred. In the latter cases, the iliae 
grafts showed death with disappear- 
ance of the bone cells from. their 
lacunae, slow revascularization, and 
the delay of the formation of new 
bone upon the dead trabeculae (Fig. 
1). These findings emphasize the 
importance of maintaining accurate 
contact between the graft and the 
graft bed, regardless of the type of 
graft utilized. Some interesting find- 
ings were observed in studying the 
graft bed in the divided tibia. Corti- 
cal bone at the site of the osteotomy 
showed widening of the Haversian 
systems with early revascularization 
and formation of new-bone trabecu- 
lae. There was also absorption of 
bone by osteoclasis. This is the 
process of osteoporosis at the end of 
the fragment, which occurs after 
fracture. Furthermore, the perios- 


teum, which had been reflected without disturbance of its circulation, proceeded with 
profuse formation of new bone, in which the trabeculae were lined up in a plane at right 
angles to the old cortex. In one case where there was poor fixation of the graft with no 
pressure due to weight-bearing, specimens showed the same changes at sixty days as at 





Fig. 2 





Comparative studies at five days of cortical, cancellous iliac, and rib grafts in a dog. 
A: Cortical bone with no evidence of revascularization. 
BB: Cancellous iliac graft with formation of new trabeculae. 
C: Rib graft, showing trabeculae and cells on its surface, as disclosed in Fig. 3, C’. 
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forty days, except that there were more trabeculae, and they were of a denser character 
than those of normal iliae bone. Here the proliferating endosteal trabeculae united the 
sraft to its bed. In one animal observed one ‘year after operation, the site of osteotomy 
oa defined only by a thickening of its endosteal surfaces, although in some sections there 
was also some periosteal thickening. 

As stated before, roentgenograms were taken of all the specimens. It should be em- 
phasized, however, that these are of less value for study of bone formation than informa- 
tion obtained by the microscope. The 
roentgenograms show an overlapping of 
the bone fragment which at times gives 
an appearance of union. They also 
show callus formation and the increased 
density of the graft bed at the margin 
of contact with the graft, indicating 
dead bone which has not been revaseu- 
larized. Later they disclose a gradual 
merging of graft and graft bed with the 
intermingling of their trabecular pat- 
terns. Our experience has been that the 
chief advantage of roentgenograms in 
experimentation has been the permanent 
record of the graft as to its position, its 
contact, and its relation to its host. 
Just as in clinical observations, they 
must be interpreted in correlation with 





the gross and the microscopic findings. 





Fic. 3 


High-power photomicrographs of sections shown in Fig. 2. 


A’: Cortical bone at J; fibrin clot at 2; no evidence of formation of new bone. 

B’: Encircled portion of Fig. 2, B, showing old trabeculae at 1; cellular proliferation and new 
trabeculae at 2. 

C*: Encircled section of Fig. 2, C. Note proliferation of cells on surfaces of trabeculae at /. 
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Fia. 4 
Comparative studies at twenty-one days of cortical, cancellous, and iliac grafts in a dog. 
A: Cortical graft, showing granulation tissue invading the superficial Haversian system at areas 
marked 1. 
B: Cancellous iliac graft with new-bone formation, as shown by increased width of old trabeculae 
at 1, and formation of new trabeculae at 2. 
C: Rib graft shown at 2; formation of new trabeculae at /. 





Fic. 5 
Comparative studies at sixty days of cortical, cancellous iliac, and rib grafts. 
A: Cortical-bone graft, showing advanced revascularization and the process of creeping substitution. 
B: Cancellous bone, showing advanced stage of new-bone formation. 
C: Rib graft in advanced stage of new-bone formation. 


RESULTS OF EXPERIMENTS 


In the following paragraphs are summarized our experimental findings. 

In our earliest specimens of iliac bone, seen at three days after it was placed in the site 
of an osteotomy in the upper end of the tibia, the intratrabecular spaces were filled with 
fibrin and red cells; this was secondary to the trauma caused by removal of the graft. At 
the margins of the graft, very early vascular granulation from the graft bed was seen. At 
five days, the new granulation tissue was observed growing across from the graft bed to 
the graft. Just behind this granulation tissue of the graft bed, there was early proliferation 
of osteoblasts upon the old trabeculae, and still deeper toward the graft bed new trabeculae 
were forming (Figs. 2, B and 3, B'). At ten days the granulation tissue had thoroughly 
invaded the average small graft, while in the larger graft, vascularization was incomplete. 
Furthermore, after ten days there was fresh evidence of incrustation and formation of new 
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bone. The new trabeculae were characterized by light-staining tissue with plump, angular, 
and rather large osteocytes lying in fairly large lacunae. The graft bed at ten days showed 
similar changes with further increase in incrustation of the old trabeculae and formation 
of new trabeculae. The nuclei of the trabeculae were observed becoming more dense and 
staining more deeply. At sixteen days, the changes were progressive with increasing in- 
crustation of old trabeculae, while the new trabeculae were much wider with several layers 
of cells. They were approximately double their original size. In the central portions of the 
large grafts, the trabeculae showed evidence of death by disappearance of cells in their 
lacunae. Our experimental evidence —__ 

seems to indicate the necessity of revas- 
cularization of cancellous bone within 
the periods of ten and fifteen days, if it 
is to survive. 

Specimens of iliac bone at twenty- 
one days showed the trabeculae to be 
very wide, with an increase in the num- 
ber of new trabeculae (Fig. 4, B). In the 
grafts of forty-two days and sixty days, 
respectively (Figs. 5, B and 6, B’), the 
trabeculae seemed to approach their nor- 
mal width and thickness, and restoration 
of the original pattern was gradually 
taking place. In some of our cancellous 
grafts in humans, which were subjected 
to stress and strain, changes occurred to 
a point where they might be taken for 
bone of a rather loose cortical type. In 








Fia. 6 


High-power photomicrographs of sections shown in Fig. 5. 
A’: Cortical graft with dead cortical bone at 1; new-bone formation at 2. 
B’: Iliac graft, showing dead trabeculae at 1, surrounded by active proliferation of new bone at 2. 


C’: Rib graft, showing dead bone at 1, new-bone formation at 2, and vascular granulation tissue 
at 3. 
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our specimens at 100 days, the cancellous bone graft from the ilium was difficult to outline, 
In one specimen at one year, evidence of the graft no longer existed, except as indicated 
by cortical thickening at the junction of the graft and the graft bed. In this specimen, 
reformation of the medullary canal had occurred at the site of the osteotomy. In those 
iliae grafts where contact was not established or maintained, revascularization was delayed 
and the graft usually died and behaved much the same as cortical bone. Finally the new 
granulation tissue invaded the clot, which separated the graft from its graft bed, and the 
dead trabeculae were gradually replaced. 

At five days, the cortical grafts placed in a cancellous bed were surrounded by 4 
narrow fibrin clot, through which grew new granulation tissue much the same as that 
described in the case of the cancellous-bone graft (Figs. 2, A and 3, A'). These grafts with 
periosteum attached showed no periosteal proliferation, nor was there evidence of re- 
vascularization. Occasionally a finger-like process of granulation tissue from the graft bed 
was seen, which had grown into contact with the graft. The nuclei of the graft were stil] 
visible, and showed no evidence of shrinking. In the graft bed there was a very early 
proliferation of the endosteum with occasional formation of new trabeculae. The graft 
bed, being of the cancellous type, showed proliferation with incrustation of the old tra- 
beculae, and the formation of new trabeculae which appeared to be growing out of the 
primary trabeculae. In some cases there was a feeble endosteal proliferation which did 
not, however, attach the graft to its bed. At ten days, granulation tissue could be seen 
growing through the clot and a row of osteoclasts lying in Howship’s lacunae along the 
margin of the graft. Its surfaces showed granulation tissue growing into its widened 
Haversian systems. At this time also the nuclei had disappeared from the lacunae of the 
graft. Occasionally we saw evidence of replacement by new bone in the most marginal of 
the Haversian systems. At fifteen days, the graft was almost enclosed by new trabeculae 
growing from the graft bed, with some fusion apparent between the graft and its bed. 
Revascularization had increased, the marginal Haversian systems were wider, and there 
was a slightly broader ring of new bone at the most marginal of the Haversian sys- 
tems. At twenty-one days, in the cortical graft the findings were practically identical with 
those at ten days, except that there was an increase in revascularization and replacement 
(Fig. 4, A). In some of our grafts we observed periosteal new-bone formation at this stage, 
and osteoclasts along the bone surface were still apparent. At twenty-one days, there was 
evidence of good union of the graft with the graft bed. It is interesting to note here that 
bone from the graft bed grows out toward the graft through the new vascular granulation 
tissue, but when it comes into contact with the dead cortical bone, it grows parallel with 
its surfaces. At forty-two days, the cortical graft was firmly bound to the graft bed by a 
layer of trabeculae, while at sixty days, its replacement by new bone was still gradually 
taking place (Figs. 5, A and 6, A’). In our experiments, cortical grafts, with and without 
periosteum, behaved in the same way, and in the latter type there was better evidence of 
proliferation with the exception of a few instances. 

Changes in the rib graft were very similar to those seen in cortical bone. They were 
in an active process of revascularization and replacement, and did not show pronounced 
growth of new bone from the graft itself. In the few cases of the rib graft that we were 
able to study, we saw that the cancellous portion of the graft did not show anything like 
the amount of formation of new bone seen in cancellous portions of the iliae grafts (Figs. 
2, 3, 4, 5, and 6). Cortical bone of the rib reacts more like that of cortical bone of the tibia, 
although it is less dense and is, therefore, more readily revascularized. Our observation 
indicated a better and quicker attachment to its host than in the case of the tibial bone. 
Moreover, in the split-rib graft, revascularization is much more rapid than in the whole-rib 
graft. The whole-rib graft may be pictured as a tube which is revascularized by vessels 
growing down through its long tubular canals from both ends. Little invasion of the graft 
seems to occur at its cortical surfaces. Rapid revascularization of a rib graft occurs if it is 
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Fic. 7 
A: Iliac graft in form of cross, placed between first and second metacarpal bones. 
B: Graft removed and then replaced after specimen was taken for biopsy. 


split to expose a medullary surface. It should be noted here that this difference between 
whole and split-rib grafts should be stressed. The cortical part of the graft showed some 
evidence of new-bone formation from its endosteum. Half of the split spinous-process 
grafts were similar to the split-rib grafts. 

The cancellous-bone-graft bed exhibited the same changes seen in the cancellous graft, 
with rapid revascularization and evidence of new-bone formation at its margins. 


HUMAN GRAFTS 


In our study of the comparative values of cancellous and cortical bone grafts, we were 
able to examine grossly and microscopically specimens taken from eight iliac grafts, which 
were removed in part or whole at intervals varying from eleven days to three years. In 
addition, to complete our series, we also had three cortical grafts, an osteoperiosteal graft, 
and bone material obtained from the site of a Hibbs fusion of the spine and from a graft bed. 

In the iliae grafts, the earliest one, an eleven-day specimen, showed no microscopic 
changes, except in a small area of revascularization where hyperaemic granulation tissue 
was growing into the medullary spaces. In this area, old trabeculae were lined by osteo- 
blasts which were proliferating with new trabeculae growing out from them in much the 
same pattern of new-bone formation as seen in our experimental animals, where cancellous 
grafts of iliae bone were replaced in the ilium. 

The best specimen that we have was secured in a girl of eighteen years with spastic 
hemiplegia. In this patient a graft from the ilium was placed between the first and second 
metacarpal bones to maintain opposition of the thumb. The graft was in the form of a 
symmetrical cross with two ends of one cross piece dovetailed into the shafts of the first 
and second metacarpal bones, respectively (Fig. 7). The ends of the other cross piece were 
trimmed, so that on one margin there was fairly dense subcortical bone and on the opposite 
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Fic. 8 


A: Appearance of graft in Fig. 7, two and one-half months after its removal and replacement. 
B: Ten months after first operation. 


margin, free cancellous bone. These margins lay free in the soft tissues between the first 
dorsal interosseus and the adductor pollicis brevis. They could, therefore, receive circula- 
tion only from the soft-part structures (Fig. 7, A). After a period of eighteen days, one 
end of the graft became loosened; and a second operation was necessary. At this time the 
graft was completely removed, its flanges trimmed for specimens, and again placed as a 
bridge between the metacarpal bones in exactly the same manner as in the first operation 
(Fig. 7, B). It was noted that the pattern of the cancellous bone left its imprint on the 
granulation tissue. Ten months after the first operation, the patient disliked the position 
and rigidity of the thumb and asked to have the graft removed (Fig. 8). Therefore, at a 
third operation, we were able to secure this entire graft to complete our study of cancellous 
and cortical bone in the same graft at periods of eighteen days and ten months, respectively. 

In the eighteen-day specimen the cancellous portion of the graft showed fairly com- 
plete revascularization. The usual hyperaemie granulation tissue was growing throughout 
the medullary spaces, and the old trabeculae were surmounted by osteoblasts from which 
new trabeculae were growing (Fig. 9, B). In the cortical portion of the graft, revasculari- 
zation was taking place in much the same fashion as in any graft of cortical bone. The 
major portion of cortical substance was dead, as shown by the absence of osteocytes in the 
lacunae. New vessels were growing into the old Haversian systems, and there was replace- 
ment with new bone (Fig. 9, A). In other words, in the two flanges of the graft where 
revascularization could only occur from the surrounding soft parts, the two types of re- 
action could be seen; in cancellous bone, early revascularization, and new-bone formation 
in abundance from the graft itself; in cortical bone, the slower revascularization with 
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Fig. 9 
Microscopic section of graft shown in Figs. 7 and 8. 
A: Cortical portion of graft at eighteen days, showing dead cortical bone at 7 and granulation tissue 
at 2, illustrating the process of creeping substitution. 

B: Cancellous portion of iliac graft, showing old trabeculae at 7 and active new trabeculae at 2. 
C: Cancellous portion of graft at ten months. Old trabeculae at / surrounded by new bone at 2. 
subsequent replacement by new bone. These findings support those obtained in our ex- 

perimental work with animals. 

The study of this graft removed after ten months showed a heavy cortical margin 
with smooth outlines at, the attachments to the two metacarpals. The graft showed an 
unbroken cortical border made up of new bone with old trabeculae showing here and there 
the original iliae pattern. These old trabeculae were entirely surrounded by new bone 
(Fig. 9, C). From the thin cortical margins of the graft, heavy trabeculae ran toward its 
interior. A large number of these heavy trabeculae had as their centers the old primary 
trabeculae which had not been replaced. A large number of the trabeculae in the interior 
of the graft still had osteoblasts lining them, and formation of new bone continued to occur 
from the greatly thickened trabeculae. The general shape of the graft remained the same 
as when it was laid. Within the central area of the graft, there was no longer a marked 
proliferation of granulation tissue. When it occurred, it was much thinned out, leaving an 
open network with fewer capillaries. It should be remembered that the circulation was 
disturbed by removing this graft eighteen days after it had been placed. This may account 
for the lack of complete replacement of the central portion of the graft. 

In another full-thickness graft from the ilium with its cortical portion intact, removed 
eleven months after it had been inserted, a complete revascularization of the cancellous 
portions and a partial revascularization of the cortical portions were observed. Another 
iliae graft, also of the full-thickness type, removed eight months after it had been placed, 
showed new-bone formation in the cancellous portion, and the same type of replacement 
as seen in the cortical portion of other cortical-bone grafts, except that there was much 
heavier fibrous tissue with less vascularity in some of the deeper portions. In this latter 
graft there was an area of non-union at the site of a screw which had fixed it in place at the 
time of operation. This area consisted of fibrous tissue separating an active proliferating 
tissue from portions of dead tissue. 

In a ten-month-old iliae graft of full thickness, an area of non-union developed, even 
after this length of time. The cortical sections of this graft were dead and showed incom- 
plete replacement; and the majority of the lacunae were empty. Some regions showed 
revascularization, while the medullary portions of the graft had been replaced by fibrous 
tissue. There was no evidence of the formation of new trabeculae, and the area of non- 
union was marked by a very dense layer of connective tissue. 

We have examined several other specimens of iliae bone in which non-union developed 


VOL. 29, NO. 2, APRIL 1947 











394 L. C. ABBOTT, E. R. SCHOTTSTAEDT, J. B. DEC. M. SAUNDERS, AND F. C. BOST 


after periods of two and three years, respectively. In these specimens we found new tra- 
beculae and some attempt at revascularization of the scar tissue, which had extended 
across the lines of non-union. In other words, in these two cases, there was an effort to- 
ward repair with the ingrowth of blood vessels in the laying down of some new bone. In 
another instance, a large iliac graft of pure cancellous bone was placed, which was removed 
approximately eight months after it had been inserted. Here, the graft showed collections 
of degenerated calcific debris, lying in the old intratrabecular spaces. The trabeculae 
were evidently dead with no attempt at revascularization. Grossly, this specimen was of 
a dry, pithy type, surrounded on one side by a heavy mass of callus, which seemed to 
overlap the central cancellous bone. This callus could be lifted off like a shell, although 
the shell had some vascular connection with the old dead cancellous portion of the graft, 

The examination of the bone material taken at twenty-seven days from the site of a 
Hibbs bone-grafting operation, on a girl of twelve, showed many new trabeculae lying free 
in the growing granulation tissue. These new trabeculae seemed to rise directly from old 
trabeculae, although it was difficult to be certain, because of poor staining technique. 

In the examination of the osteoperiosteal graft which had been placed in the spine, the 
only tissue which we secured was from the lamina. The changes here were very much the 
same as seen in the Hibbs operation, in that there were many new trabeculae forming from 
these freshly denuded laminal chips in their trabecular portions. In a tibial graft which 
had been inlaid in the split spinous process (Albee technique), the outer superficial portions 
of the graft showed empty lacunae and no evidence of revascularization, even after a period 
of sixteen years. Between the under surface of the graft and its bed of cancellous bone, 
there was good union, although fusion was incomplete at the upper portion. 

In a sliding femoral graft of cortical bone, four months and four days old, there was 
very poor revascularization and almost negligible replacement. Some replacement occurred 
along a few channels where the granulation tissue extended into the graft. In this case 
there were complicating factors, including a large hematoma. 


. SUMMARY 


Our studies have permitted us to arrive at very definite conclusions with respect to 
the evaluation of cancellous and cortical bone when employed as graft material. At the 
very outset, it should be said that in regard to the behavior of the fully matured bony 
elements, whether they be derived from cancellous or compact bone, there is no great 
difference. The mature bony elements once transplanted do not, for the most part, survive. 
They constitute a mass which is so inert that it does not provide even a foreign-body 
reaction, and sooner or later will be replaced by that process known as creeping substitu- 
tion. This process is exceedingly slow and extends over many months, with a gradually 
subsiding impetus. In any graft, whether it be of cancellous or cortical origin, the only 
elements which survive and which possess osteogenetic power in any degree, are the cells 
which form the so-called endosteal layer. This is also true, but to a lesser extent, of the 
elements of the cambium layer of the periosteum. Once these two fundamental features 
are appreciated, the relative merits of cancellous over cortical bone grafts become im- 
mediately apparent. 

In the case of the cortical bone, the greater bulk of the graft is made up entirely of 
fully mature osseous elements. The endosteal layer is often absent or, when present, is 
exceedingly limited in amount. As for the most part the mature elements fail to survive, 
the graft itself exists, therefore, as an inert body which can only serve for a limited length 
of time as an internal splint. Before such a graft can be wholly replaced by living bone, 
its mass must be entirely removed. This can only occur by revascularization, the leaching 
out of the mineral elements, and autolysis of the collagenous scaffolding. Unfortunately, 
the very physical nature of cortical bone prohibits rapid substitution. The only pathways 
which a cortical graft presents for the ingress of new blood vessels are the small Haversian 
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canals and the immediate surfaces in contact with the graft bed. Furthermore, since after 
the trauma of operation, the formation of new vessels reaches its critical point within a few 
days, and thereafter, with changes in biochemical conditions, starts to decline, the progress 
of penetration is choked off, and many regions of the graft remote from the vascular bed 
may never obtain a vascular supply. The cellular elements of the capillary tufts possess, 
as is well known, considerable potentiality in the direction of osteogenesis; but for osteo- 
genesis to occur, an accommodation space must be available. Such space is not available 
in the case of cortical bone, until the original collagenous elements have been removed to 
provide for it. The graft, therefore, is in a sense a deterrent to the formation of new bone. 
New bone is laid down only on the surfaces of the graft, and, therefore, we frequently find 
cortical grafts becoming incorporated in, rather than replacing, new bone. 

In the case of cancellous bone, conditions are far different. The mature elements of 
the trabeculae behave in fthuch the same manner as that described for cortical bone, but 
each and every one of these trabeculae is provided with an endosteal surface possessing 
great osteogenetic power. In addition, there are the numerous marrow spaces. The bone- 
marrow cells themselves undergo rapid degeneration, and provide wide channels for the 
invasion of new vessels and eventually for the accommodation of newly formed bone. The 
cells of the endosteum rapidly come into relationship with a vascular bed, which accounts 
not only for their survival, but for the early proliferation and establishment of new bone. 
New trabeculae and the incorporation of the old is the characteristic picture in cancellous 
grafts. The old elements being small, and lying in such close relationship to vital elements, 
are removed and replaced more rapidly, although they, too, may remain for many months 
before complete substitution. In this connection, it should be pointed out that there is 
some difference between cancellous bone in which the marrow is highly fatty and that in 
which red marrow predominates. Fat has, as is well known, an inhibitory effect on the 
formation of new vascular tufts and where present to excess, the process of bone formation 
is retarded. This would account for the superiority of iliae bone, or bone obtained from 
other sources containing red marrow, over the fatty cancellous bone found, for example, 
in the lower end of the femur or the upper end of the tibia. In a word, then, the superiority 
of cancellous bone over cortical bone lies for the most part in the fact that the cancellous 
bone presents a very extensive endosteal surface and numerous accommodation spaces 
which allow for osteogenesis. 

These distinctions are most exquisitely seen in the case of grafts derived from ribs 
where both elements — namely, compact and cancellous bone — are present. In such grafts 
there is the additional advantage that both processes may be observed in the same subject 
under identical conditions. The compact tissue of the rib differs slightly from that obtained 
from other sources, in that its Haversian spaces are more numerous and larger, thus allow- 
ing a more ready access to new vessels. The cancellous element is like that of other bones. 
In such grafts the observer is struck by the rapid formation of new osteogenic tissue about 
the trabeculated elements, in comparison to the slow and restricted process of creeping 
substitution occurring in-the cortical portion. 


CLINICAL OBSERVATIONS 
Our clinical observations in operations for bone-grafting can best be described under 
the following headings: (a) bone-grafting in clean cases, and (b) bone-grafting in septic 
cases. 
BONE-GRAFTING IN CLEAN CASES 
The usual indications for the use of bone grafts in clean surgical cases are (1) non- 
union either with or without a loss of substance; (2) for fusion of joints; (3) for filling of 
defects in bone caused by trauma, infection, or tumor; (4) incomplete loss of substance in 
fractures; (5) for fusion of the spine; and (6) in correction of severe deformities of the 
extremities. 
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Non-Union, Either With or Without Loss of Substance 

The condition of non-union with loss of substance is of common occurrence. In sueh 
cases the procedure is to freshen the ends of the fragments, and to apply single or multiple 
bone grafts to assure union. We believe the selection of the type of bone should be goy. 
erned largely by the location of the fracture. If the fracture occurs at the end of the shaft 
of a long bone or in carpal or tarsal bones where cancellous bone is predominant, grafts of 
a cancellous-bone type should be used. Experimentally and clinically, these grafts rapidly 
become an intimate part of the surrounding bone, provided that fixation and accurate 
contact of the fragment are secured and maintained. 

It is worthy of mention here that, as reported in an article by Dick, “Chips of caneel- 
lous bone from the ilium are now frequently used by plastic surgeons in reconstruction of 
the contour of facial bones, and these surg- 
eons report that Clinical rigidity of the re- 
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constructed area is obtained in seven days”, 
Iliac bone is also useful in repair of fractures 
of the jaw with loss of substance and in 
defects of the skull. 

In a fracture at the center of a long bone, 
where cortical bone is the predominant 
structure, and where strength is required 
throughout the period of revascularization 
and replacement, cortical grafts are prefer- 
able. They may be used as onlays (Camp- 
bell, Henderson), inlays, sliding grafts (Al- 
bee, Gill), intramedullary (Ryerson), the 
diamond-shaped graft (Gallie), the cortical 
periosteal splint graft (Phemister), the bar- 
rel stave (Steele!}, or the dual grafts (Boyd). 
The writers have a preference for the use of 
one or the other of the above types, depend- 


Fic. 10 


y : . ‘ . Ing upon the | e involved. For ex: le, } 
A: Four days after application of an onlay graft Ing upon the bon involved. For ex — le, in 


for non-union of tibia in a patient fifty years the shafts of the humerus and femur, we 
at mast prefer an onlay, fixed by stainless-steel 
B: Seven months after operation, showing bony y . : , 
union of graft and fragments. “ serews, a method described by Key. In the 
shaft of the tibia we have used both onlay 

and inlay grafts (Figs. 10 and 11). In fractures of bones of the forearm and of the meta- 
‘arpal and metatarsal bones, especially in fractures of the bones of the forearm with 
displacement and delayed union, intramedullary grafts applied after the method of 
Hoglund may be used. The technique of this method, as described by Phemister, consists 
in a graft cut from the cortex of the longer fragment, beginning one to two centimeters 
from the fracture and of a breadth that will fit snugly into the medullary cavity. It is 
introduced into the medullary cavity of that fragment at the fracture end. The fragments 
are then aligned and the bone graft driven outward by hammering on a chisel, placed at a 
right angle on its end through a window, approximately one-half of it resting in the 
medullary cavity of one end of the fragment and the other half in the other end. The 
collar of cortex left at the end of the fragment prevents the ends from being displaced. 
Cortical bone placed in cancellous bone takes a longer time to be revascularized and 
replaced and, in consequence, takes longer to become an intimate part of the surrounding 
cancellous structure. With the diamond-shaped graft of Gallie and the cortical splint 
graft of Phemister we have had no experience, but those surgeons who have used these 
methods report excellent results. The diamond-shaped graft is described by Gallie as 
particularly applicable to fractures of the radius and the ulna, while Phemister and Key 
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Fia. 13 


A: Intramedullary fibular graft to ununited fracture of the humerus of six years’ duration, with loss 
of substance, in a patient sixty years old. 

B: Two months after operation. Arrow indicates absorption of graft and creation of defect. 

C: Three months after operation, showing fracture of graft. 


have reported success with the splint cortical graft in ununited fractures of the tibia. 
Phemister states that, in some cases cf non-union of the tibia, infection may persist on 
one side of the bone only, and a whole-thickness graft may be inserted on the opposite side 
of the bone without entering the infected field. 

We regard the osteoperiosteal graft as purely supplementary in character, while the 
barrel stave and double onlay grafts are particularly useful ii non-union with loss of 
substance. It should be emphasized here that cancellous chips or strips can be used to 
advantage with cortical grafts to hasten union, especially when the ends of the fragments 
show marked sclerosis. 

In bone-grafting in cases of non-union, the type of fixation requires special considera- 
tion. As is often the case, the ends of the fragments are surrounded by dense scar, and the 
extensive dissection required to free and realign the fragments deprives them of their blood 
supply. Consequently, they undergo aseptic necrosis with absorption of that portion of the 
fragments which has been deprived of this blood supply. Loss of continuity of bone is thus 
produced at the site of fracture, and maintenance of this defect by rigid internal fixation, 
especially by a bone plate, may be the cause of further delay in union or of persistent non- 
union. If fixation by plates is used, we believe supplementary grafts of cancellous bone 
from the illum applied about the site of the fracture to be advantageous, as they re- 
vascularize rapidly and help bridge the defect caused by aseptic necrosis of the ends of the 
fragment. One of us (F. C. B.) has been so impressed with the frequency of the above- 
described condition, leading to delayed union or non-union, that he has relied on internal 
fixation of the graft by ligature, supplemented only by external fixation with plaster. In 
non-union of fractures of the tibia we have also tried a method in which a sliding graft is 
fixed at its upper end to the upper fragment by a single screw only, while at its lower end 
displacement of the graft is prevented by dovetailing its tip beneath the cortex of the lower 
fragment (Fig. 11). If aseptic necrosis occurs at the fracture site, resection of the fibula is 
done to allow obliteration of the gap and approximation of the ends of the fragments. 
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In fractures with loss of substance, we encounter a problem, the solution of which is 
accomplished with great difficulty. The many instances in this War of failure of bone- 
grafting in the presence of gross defects of bone stress the need of further study of these 
eases. As so many of these are compound fractures with infection, we prefer to discuss 
them under the section dealing with bone-grafting in the presence of sepsis. 

In fractures of the bones of the upper extremity with gross defects, segments from a 
rib may be employed successfully. We have one case, a fracture of the lower part of the 
radius, operated upon in 1919 by Eloesser. Figure 12 shows the repair after twenty-seven 
years. At the present time function of the extremity is good. Eloesser reported twenty-two 
eases of non-union and defects, repaired by rib grafts. In seven cases, fracture of the graft 
occurred. Most of the fractures in the graft united. 

In fractures of the long bones of both the upper and the lower extremities, segments 
of the fibula may be used to fill the defect. In many instances the bone does not become 
hypertrophied sufficiently to stand great strain and may fracture (Fig. 13). In fractures 
of the tibia with defects, the ends of the fibula may be transferred and grafted to the 
fragment of the tibia. In children, the fibula will become hypertrophied and attain the 
size of the tibia in several years. If hypertrophy of sufficient amount to withstand the 
strain of weight-bearing is not anticipated in an adult, sufficient bone-grafting of some type 
to join the fragments of the tibia is generally advisable. 


Fusion of Joints 

Fusion of the joints of the extremities is a procedure frequently employed by ortho- 
paedic surgeons to restore function, when their cartilaginous surfaces have been extensively 
destroyed by injury or disease. Ankylosis may be secured by erasure of the cartilage or by 
excision followed by adequate fixation. However, in many cases, bone-grafting is essential 
to early and complete union. Many surgeons still employ cortical-bone grafts owing 
largely, we believe, to a lack of appreciation of the merits of cancellous bone. After an 
experience of many years in performing fusion of the major joints of the extremities, we 
wish to emphasize the great advantages of cancellous bone. Our experimental and clini- 
cal observations show that a cancellous-bone graft, placed in a bed of cancellous bone, is 
revascularized and becomes a part of the host far more rapidly than does cortical bone so 
used. Furthermore, cancellous bone can be used in the form of chips to fill interstices, cre- 
ated by removal of cartilage as, for example, in the bones of the wrist, hand, and foot, 
thus decreasing the time required for fusion. Moreover, it is pliable and can be readily 
molded to the external aspect of the joint. Its application, therefore, does not require 
the expert carpentry needed with the use of cortical bone. 

Although we shall not discuss in detail our methods of fusions of joints, we should 
like to refer to some points in the technique which are considered of value in fusions of the 
wrist, the hip, and the knee. Our technique of wrist fusion has been described elsewhere. 
We wish, however, to emphasize the importance of preservation of the inferior radio-ulnar 
and carpometacarpal joints to ensure maximum function of the hand. 

In publications on the use of cortical bone for fusion of the wrist joint, illustrations 
show the struts of bone dovetailed into the lower end of the radius, and the base of the 
second and third metacarpals. This results in a rigid wrist, which is a needless and severe 
handicap. In all cases, the carpometacarpal joints should be preserved, except where these 
joints have been seriously involved by injury or disease. The motion in these joints will 
gradually increase with use, and in addition a resiliency is provided which acts as a shock 
absorber to counteract the effects of a blow or a fall on the hand. With the preservation 
of motion in the inferior radio-ulnar and metacarpal joints, fusion of the radiocarpal and 
intercarpal joints no longer causes serious disability. 

In excision of the knee joint we follow the technique employed by Key, with removal 
of the surfaces of the joint and fixation of these surfaces under pressure by pins above and 
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Fic. 14 

A: Three months after excision from tuberculous knee and fixation by pins and turnbuckles (Key). 

Multiple iliac grafts were placed across the line of excision (Bost). 
B and C: Bony ankylosis twenty-one months after operation. 
a below, the ends of which are fixed to 
[ an adjustable turnbuckle on both sides. 
Supplementary grafts of cancellous bone 
from the ilium are wedged into vertical 
osteotomies which cross the line of ex- 
cision on the anterior and lateral aspects 
of the joint (Fig. 14). 

In fusion of the hip joint, we have 
used cancellous bone, packed around the 
surfaces of the joint; or we have em- 
ployed full-thickness grafts of iliae bone, 
after the method described by Ghorm- 
ley. Recently one of our group (F.C. B.) 
has used a full-thickness iliac graft, 
wedged between the ischium and _ the 
inner surface of the upper femur (Fig. 
15). 

Cancellous grafts have been used in 
fusion of the shoulder, elbow, ankle, and 
various joints of the hand and foot. The 
technical details vary with the needs of 

— — — = the individual case and, therefore, will 
Fic. 15 not be described here. However, we 
Full-thickness iliac graft placed between the should like to point out the advantage 


ischium and the upper part of the femur for fusion 
of tuberculous hip (Bost). 





of the temporary fixation, secured by 
Kirschner wires together with plaster-of- 
Paris, of the joints of the hand and foot to maintain accurate apposition of the bones and 
the graft. 
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Fig. 16 Fig. 17 

Fig. 16: Fusion of spinous processes and occiput, secured by iliac grafts in a case of ununited 
fracture of odontoid of six years’ duration. 

Fig. 17: Tuberculosis of the thoracolumbar spine. Cortical graft applied in 1938, cancellous grafts 
from ilium applied to lumbar spine in 1943, joining cortical graft at thoracolumbar region. The 
relative amounts of bone produced from cortical and cancellous bone grafts are shown on roent- 
genograms taken in 1946. Dotted arrows indicate the cortical graft, and solid arrows indicate the 
cancellous grafts. 


Defects in Bone Caused by Trauma, Infections, and Tumors 

Our experience in dealing with defects produced by one of the above causes has been 
largely in cases where cysts or giant-cell tumors have created cavities in the ends of the 
long bones. Here again we adhere to the principle of filling a eancellous-bone cavity with 
the same substance. If struts of cortical bone are laid across a large bone cavity, they may 
unite; but we have found that the spaces between them are not filled and, therefore, the 
cavity is not entirely obliterated. On the other hand, a cancellous-bone cavity packed 
completely with cancellous bone will heal with complete obliteration of the cavity. We 
have also found cancellous bone to be useful in cavities occurring in bones of the carpus 
and tarsus and in non-union of these bones. Furthermore, we have used it suceessfully in 
fractures of the shafts of the metacarpal and metatarsal bones with loss of substance. 


Loss of Substance 

In fractures with partial loss of substance, healing may be very slow, union is often 
weak, and refracture may occur. In clean cases, cancellous and cortical bone can be used 
if the defect is in the central portion of the shaft; if the defect is in the cancellous portion, 
cancellous grafts are preferable. In the presence of sepsis or where there is danger of the 
lighting up of a latent infection, cancellous bone only should be used. 
Fusion of the Spine 

Ghormley and Stuck, from their experimental work, have stated that, in fusion of the 
spine with cancellous-bone grafts taken from the ilium, “The union between these grafts 
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B. 








Fic. 18 


A: Giant-cell tumor of transverse process of fourth lumbar vertebra after curettement, roentgeno- 
therapy, and grafting with iliac bone. 
B: Massive bone formation from iliac grafts shown at arrows. (Courtesy of Dr. Ernest Myers.) 


and the spinous processes and laminae was without exception the best that occurred with 
any type of graft”. Early and complete revascularization of the grafts takes place, and 
union is solid in an average time of three months. In fusion of the spine, we prefer to turn 
leaves of lamina outward on each side of the spinous processes, and place long struts of 
cancellous bone, taken from the posterior wing of the ilium, beneath these leaves in contact 
with cancellous-bone surfaces. Cartilage is removed from the facets, and these in turn 
are packed with cancellous bone. We have used cancellous bone in all parts of the spine, 
particularly in the cervical and lumbar regions (Figs. 16, 17, and 18). In lumbosacral 
fusion we have also used the method described by Breck and Basom, in which a bone graft, 
taken from the tibia or ilium, is placed between the notched spinous processes of the two 
vertebrae which are to be fused. In addition, we have curetted the facets, and driven 
wedges of iliac bone into them to produce greater fixation,—the so-called tripod fusion. 


Correction of Deformities 

Iliac bone in the form of wedges placed at the sites of osteotomies is employed to 
correct extreme deformities of the upper and lower extremities. This method, the details 
of which have been published elsewhere, allows for a gain of some length of the bone in 
cases of shortening. Cancellous bone has also been used in the form of wedge grafts where 
osteotomy has been performed through sclerotic bone. Although our experience with this 
method has not been extensive, evidence indicates that it will promote revascularization 
and the formation of new bone with earlier union than when two sclerotic surfaces are 
apposed. In such cases, drilling of the sclerotic fragments is also employed. 
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Fic. 19 
A, B, and C: Diagram of method of removal of cancellous bone from ilium. 
C and D: Diagram of placing and fixing onlay cortical graft and the use of cancellous chips. 
(After Robertson and Barron.) 


It should be emphasized here that, no matter what type of bone is used in the treat- 
ment of delayed union, non-union, or bridging of defects, the bone grafts should be onlaid, 
inlaid, or dovetailed into the ends of the fragments to permit overlapping of the graft and 
the fragment, fixation, and consequent early revascularization. 


THE ANATOMY OF AND THE SURGICAL APPROACH TO THE ILIUM 


The ilium forms the upper part of the innominate bone. It consists of a body and an 
upper portion or ala. In our description, we are concerned only with the ala. The superior 
margin of the ala, which is roughened and thickened, is known as the iliac crest. Upon this 
crest are three rough lines, produced by the attachment of the abdominal muscles. The 
crest is subcutaneous throughout its entire extent, and is covered by a thick layer of 
periosteum. 

The iliac crest is composed of three distinct curves which divide it into three sections, 
the posterior section being the longest. The convexity is medial in the anterior and pos- 
terior thirds, and lateral in the medial third. The ala is composed of thin inner and outer 
layers of cortical bone, which enclose a central portion of cancellous bone. With the excep- 
tion of the posterior third of the bone, the iliac crest is the widest part of the ala of the 
ilium. When the ilium is cut in coronal sections, the anterior third is approximately one- 
half inch in thickness. The widest portion is at the junction of the anterior and middle 
thirds, the narrowest portion being at the junction of the middle and posterior thirds. In 
this region, it is composed only of the inner and outer layers of cortical bone, without a 
central portion of cancellous bone. The posterior third of the crest is the thickest part of 
the bone. This thickness is increased as far as the level of the sacro-iliac joint. 

Bone grafts may be taken from any portion of the iliae crest, depending upon the 
type, size, and shape of the graft desired. If the patient is prone, grafts are removed most 
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conveniently from the posterior portion of the iliac crest; if the patient is supine, the grafts 
are usually taken from the anterior part. To expose the anterior part of the iliac crest, ap 
incision is made along the lateral margin of the crest of the ilium through the skin and 
subcutaneous tissue. The junction of the external oblique muscle above, and the tensor 
fasciae femoris and glutaeus medius muscles below, is recognizable as a white line where 
these muscles blend with the periosteum. A firm incision is made along this white line 
through the periosteum. This structure is then elevated medially and laterally, care being 
taken to stay as close to the bone as possible. Retraction of the muscles is facilitated by 
the use of two specially designed retractors with small sharp prongs which sink into the 
lateral surface of the ala. The bodies of the retractors can be levered upward and down- 
ward, pushing the muscles away from the crest and lateral surface of the ala. A wide 
surface of bone is then readily exposed. 

In children, the technique for exposure of the iliac crest is somewhat different, so as to 
disturb as little as possible the epiphyseal cartilage which rims the crest. The incision 
through the periosteum is made along the lateral border of the crest. The glutaei are 
reflected laterally. The cartilaginous portion of the crest is incised along its junction with 
the bone, and raised upward and medially. By this method the cartilage is not separated 
from the muscles of the trunk, and the major part of the blood supply is preserved. 
When the cartilage is completely elevated, the upper part of the medial surface of the ala 
or iliac fossa is exposed. The grafts are removed with an osteotome, held either vertical to, 
or parallel with, the crest. In this way, grafts of various types can be obtained. 

The method of repair after the removal of grafts is of great importance to the patient’s 
postoperative comfort and early resumption of activity. The periosteal attachments of 
the muscles of the trunk and thigh are firmly sutured together over the iliac crest. We use 
interrupted figure-of-eight sutures of No. 1 braided silk. Walking is permitted six weeks 
after the full-thickness graft has been removed. In the cases in which small chip grafts 
have been removed, patients may walk without crutches in two weeks. 

Other writers have described special techniques in removal of grafts from various 
parts of the ilium. Horwitz and Lambert have removed grafts of full thickness from the 
anterior crest of the ilium in lengths of from one to five inches. Rhinelander makes a 
special point of preservation of the inner cortex of the ilium. This point may be well taken, 
as evidenced by a complication recorded by Oldfield in which, after massive removal of the 
ilium, a sliding hernia of the caecum took place. Robertson and Barron turn the crest of 
the ilium upward; separate the two cortical surfaces of the bone, preserving the origin of 
the abdominal muscles; and then remove pure cancellous bone from its center (Fig. 19). 

The complications following the removal of bone from the ilium ean be obviated, if 
special attention is paid to the details of the technique of the procedure. Cancellous bone 
bleeds readily, and the formation of hematoma is common. In the majority of instances it 
can be prevented by the use of a synthetic preparation of fibrin foam or by the judicious 
use of bone wax. A second complication is the possibility that extensive stripping of the 
lateral surface of the ilium to obtain a wide exposure may cause weakening of the attach- 
ments of the glutaei, particularly the glutaeus medius and glutaeus minimus. This may 
produce the so-called “gluteal gait”. In one patient, who had had a large cortical section 
removed from the lateral surface of the ilium to fill a defect in the skull, there was a rather 
serious and persistent limp, which lasted for six weeks. This condition can be avoided by 
accurate approximation and suture of the periosteal surfaces from which the abdominal 
and gluteal muscles arise. 

The complications resulting from removal of bone from the tibia are fully appreciated 
by most surgeons. Fracture at the site of removal of the graft is not infrequent, and 
occurs as late as six months after the operation. 
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, BONE-GRAFTING IN SEPTIC CASES 

Bone-grafting in the presence of infected bone has generally been regarded by experi- 
enced surgeons as a hazardous undertaking. In World War I, such procedures were com- 
monly followed by a lighting up of the infection with its serious consequences, including 
loss of the graft by sequestration. Therefore, it was a common practice to postpone opera- 
tions for bone-grafting in infected compound fractures for at least a year after the wound 
had healed. Even then, certain precautionary measures were often adopted, such as exci- 
sion of scar tissue, manipulation, and deep massage, in an effort to stir up latent infection 
in the tissues. If this occurred, a further postponement of the operation was indicated. 
Some surgeons excised the sear tissue in the soft parts, prepared the bed for the graft, and 
then closed the wound without actually placing the graft. If this did not cause a flare-up 
of infection, a second operation was performed to place the graft. It is true that a large 
proportion of these grafts were taken from the tibia, although Eloesser pointed out that 
rib grafts, in whole or in part, withstood infection better than cortical bone. At that time, 
the viability of cancellous bone in the presence of infection was not generally appreciated. 
In World War II, many compound fractures healed without infection because of the 
thorough excision of the wound, early secondary closure, and the use of penicillin and the 
sulfonamides. Furthermore, experience has shown that, where infection of the bone has 
occurred, the operation, including bone-grafting, can be performed earlier, if infection is 
controlled by the judicious use of penicillin before and after the operation. An excellent 
article on the use of various types of bone grafts in the treatment of infected compound 
fractures has been published by Moore. 

In this group of infected compound fractures, there are many cases of non-union 
without loss of bone substance. The cases without defects may be treated in much the 
same manner as described in the section on Bone-Grafting in Clean Cases. 

During the recent War, one of us (L.C.A.), in his capacity of Civilian Consultant 
in Orthopaedic Surgery to the Secretary of War for the Ninth Service Command, was 
privileged to witness the methods employed by a number of excellent orthopaedic surgeons 
in the treatment of major defects in bone in compound infected fractures. All of these 
surgeons agreed on the advisability of obtaining a healed wound by removal of infected 
scar tissue and sequestra and the use of plastic procedures, before resorting to the operation 
of bone-grafting. They also agreed that so far no surgeon had the final answers to the best 
method of bone-grafting a defect in bone. In one Center, a group of cases was reviewed 
which had been operated upon by Colonel Carl Horn and his assistants. Major defects, 
after resection of segments of the shafts of the long bones for the eradication of infection, 
were filled by cortical grafts, two or three in number, obtained from the tibia and fibula. 
Particularly in defects of the femur, triple grafts were used,—one obtained from the tibia, 
the other two by inserting a long segment of the fibula. These grafts were fixed to the 
fragments by screws, while the span between the grafts was filled by cancellous bone from 
the ilium. Too short a time has elapsed to permit an evaluation of the end results in these 
cases, but in reply to a recent inquiry Colonel Horn states, “some general statements that 
appear justified at this time are: 

“. mm complete defects of bone, where shortening is not desirable, the use of dual 
cortical grafts or triple cortical grafts (one tibial and two longitudinally split fibular 
grafts) combined with cancellous bone has given the best results. For example, (a) one 
patient with a three-inch defect of the femur treated with dual cortical tibial grafts and 
cancellous bone had clinical and roentgenographie evidence of union at five months; (b) 
one patient with a seven-inch defect of the femur treated by triple cortical and cancellous 
grafts had complete incorporation of the grafts at seven months, but he fractured the 
graft at a mechanically weak spot on exercise. The fracture is realigned perfectly, but it 
will probably need some more cancellous bone to hasten recovery. 
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A. 





Fia. 20 
A: In 1943 a large segment of the tibia was resected for chronic osteomyelitis. 
B and C: Iliac bone was placed in the defect on Feb. 29, 1944, and on Nov. 4, 1944, in the 
presence of a granulating wound. Upper and lower ends of the fibula were transplanted on 
Sept. 15, 1945, and Nov. 26, 1945, respectively. Roentgenograms were taken in May 1946. 


“2. Packing of complete defects of bone with cancellous bone and internal fixation by 
a plate is unsuccessful as the iliac bone absorbs without the stress of an impacting force, 
and the plate holds the bones apart.” 

In other Centers, defects both at the center and ends of the shafts of the long bones 
were filled entirely with cancellous bone. In one Center in particular, Colonel Ernest Myers 
and his associates had a large group of cases in which defects had been obliterated com- 
pletely by this method. These cases were observed at periods up to six months after opera- 
tion. Nearly all of them showed a homogeneous type of bone filling the defects and uniting 
the fragments, with no differentiation, however, into the cortical layers and medullary canal. 

At Letterman General Hospital, we have observed a group of these patients whose de- 
fects have been filled by cortical bone, cancellous bone, or a combination of the two types, 
after varying intervals of six months to a year after operation. In some, success has been 
attained; in others, the defects have been healed and the fragments united, but refracture 
has occurred through immature and unorganized bone. A year after the end of the War 
we were seeing a comparatively small group of cases which presented difficult problems. 
In the majority of them, failure of union or the occurrence of refracture indicated that 
another operation was needed. 
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Fig. 21 

A: Chronic osteomyelitis of the radius 
with massive sequestration. 

B: After sequestrectomy and resection 
of involucrum. 

Cand D: Two months after grafting 
with cancellous bone. 

E and F: Ten months after grafting, 
showing restoration of radius and 
its medullary canal. 


It was of interest in observ- 
ing these patients throughout the 
Ninth Service Command to note 
the type of fixation that was 
used. Internal fixation was ob- 
tained by wire, screws, or metal 
plates, while external fixation 
was secured by plaster-of-Paris 
or splints. It was the general 
opinion among the orthopaedic 
surgeons of the Command, as well 
as our own, that the less metal 
employed in these old infected 
wounds, the better. Not only 
was a flare-up of infection more 
common, but it was felt that the 
presence of metal, especially in the form of a large plate, definitely hindered the formation 
of bone, held the ends of the fragment apart, and thereby helped to prevent finion of the 
fragments. If internal fixation was decided upon, it was felt that it should be regarded as 
a temporary expedient and that it should be removed after it had fulfilled its function. 

In other army Centers, other methods have been used in the treatment of massive 
defects. At the meeting of The American Academy of Orthopaedic Surgeons in January 
1946, Flanagan and Burem had an exhibit showing the technique of their method. Defects 
of the femur and tibia were obliterated by massive sliding grafts. It was our opinion that 
this method required an operation of considerable magnitude. Its use, we believe, should 
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be reserved for the individual case presenting a difficult problem, and should be done only 
by an experienced surgeon. It is of interest that the massive sliding graft was used sue. 
cessfully by Gill in fractures of the forearm. 

Rhinelander used strips of cortical cancellous bone from the ilium in bridging defeets 
of the long bones. He emphasized the importance of dovetailing these strips into the ends 
of the fragments, and, in addition, the placing of strips of bone about the periphery of the 
defect so that they overlap the ends of the fragments. Complete filling of spaces between 
strips of the graft is secured by cancellous-bone chips. Rhinelander has also used this 
method in combination with a cortical onlay graft, fixed by metal screws or with a metal 
plate above. Dick has used dual grafts and cancellous 
chips successfully in massive defects of the tibia. Boyd 
has reported twenty-four cases, in twenty-two of whieh 
dual grafts were used successfully. He has emphasized 
their importance in securing fixation of fractures near 
joints. In such cases of ununited fractures near joints, 
Key has employed his dual plate successfully. In our ex- 
perience in compound infected fractures of the tibia with 
defects, or after resection of segments of the tibia for 
osteomyelitis, we have used cancellous bone to bridge the 
defect, and then transferred the ends of the fibula to the 
tibia for its supporting effect (Fig. 20). In other cases, 
one of us (F.C. B.) has used a cancellous-bone bridge to 
unite the upper and lower ends of the tibia and fibula. 
Cancellous bone has also been used to bridge the gap 
after resection of the radius for osteomyelitis (Fig. 21). 

After a careful consideration of our experience, we 
are impressed by the fact that, in attempts to bridge de- 
fects with bone grafts, union of the ends of the fragments 
and the ends of the graft oecurs with regularity, no mat- 
ter what type of graft is used, provided, of course, that 
there is sufficient contact, overlap, and fixation. It would 





Se B appear, therefore, that in the average case, the normal 
Fia. 22 physiological process of revascularization and the forma- 
Roentgenogram taken two years tion of new bone from the osteogenic tissues at the ends 
after defect had been filled with 
cancellous bone, in a Case of com- . - . Q — 
pound fractures of tibia and of the graft to the ends of the fragments. In addition, the 
fibula, shows restoration of the 
medullary canal. 


of the fragments and the graft result in union of the ends 


growth of new bone may close the defect, if it is not too 
extensive. If it is too extensive, the normal physiological 
process is interrupted, perhaps by a chemical change and an ingrowth of sear tissue from 
the periphery. Therefore, it may well be that, in a large defect, a single operation will 
not be sufficient because, with the gradual shutting off of the circulation and growth of 
scar, there seems to be a limit to the degree of bone repair and, therefore, a limit to the 
degree of bridging of a gap that may be anticipated. At present we are of the opinion 
that large defects in the long bones which haw to withstand the strain of weight-bearing 
can be treated by a combination of cancellous and cortical grafts at a single stage or 
probably best by a two-stage operation. We are referring now only to those cases with 
large defects, where the physiological process is impeded and repair is incomplete. This 
failure of repair commonly occurs at the center of the defect. Furthermore, we have ampl 
clinical evidence to prove that union of fragments can be effected across a gap by filling the 
interval with cancellous bone. This bone is of a homogeneous type, and its differentiation 
into the cortex and medulla requires a long period of time. This differentiation is the best 
assurance for the prevention of refracture. That this remolding with restoration of the 
normal texture will occur has been demonstrated in our cases. In one patient, fifty-seven 
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Fic. 23 


Cancellous iliac bone graft between metacarpals. 
A: Appearance of graft three months after placement. 
B: Appearance of graft five months after placement and two months after specimen was taken fol 
biopsy. 

C: Appearance of graft two years after placement, showing medullary canal well established. 
years old, with a compound fracture of the tibia with infection and loss of substance, a 
metal plate and iliac graft showed union and the formation of cortex and medulla in 
approximately one and one-half years (Fig. 22). In another case, in which a pure can- 
cellous graft was placed between the first and second metacarpals, the cortical surfaces 
began to form in three months; after two years there was complete restoration of the 
marrow canal (Fig. 23). 

If the area of union is subjected to strain before this differentiation occurs, especially 
at the center of the shaft, refracture is almost certain to occur (Fig. 24). It is our sugges- 
tion that it may be best to attempt to bring about union of the fragments by the use of 
a highly vascular media—namely, cancellous bone—by a first-stage operation, and then 
to take advantage of this highly vascular media by planting one or more cortical grafts 
so that they can be uniformly revascularized and replaced along their entire lengths, rather 
than at their upper and lower ends. We have had one such case in which bony union has 
occurred. 

We wish to emphasize that in all these procedures of bone-grafting, the less metal 
used for internal fixation, the better. There is ample clinical evidence to show that in- 
fection is more frequent, and bone formation is impeded where the fragments are fixed 
by screws, bolts, wires, and particularly large metal plates. Furthermore, the site of 
insertion of a metal screw is often the first place to be invaded by granulations, which 
in turn cause absorption of bone. If the screw and fracture line are in proximity, a 


loss of continuity of bone substance is readily established, and, with minimal trauma, 


a refracture occurs. If screws are to be used, they should be placed as far from thi 
fracture line as is consistent with adequate fixation. If plates are to be used, they should 
be removed at an early date to minimize the added risk of infection and interference with 
new-bone formation. However, in fractures of the shaft of the femur, we would suggest 
the avoidance of their use entirely and the substitution of plaster-of-Paris or splints with 
sufficient traction to maintain alignment. 

In both civil and military life, the surgeon is faced with the problem of treatment « 


| 


compound fractures involving the long bones, which are complicated by infection, t 


les 
i 


formation of cavities, and incomplete union. In the Military Service, these chronically in- 
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fected cavities have been treated by excision of scar, curettement of their walls, and second- 
ary plastic methods to obtain healing. Bone-grafting to fill the bone cavity has been 
delayed until firm healing has occurred. 
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Fig. 25 
A and B: Tuberculosis of knee joint with sinus and secondary infection. (Note extensive 
tion of joint.) 
C and D: Four months after excision of joint and filling of cavities with cancellous 
ilium. 
E and F: Solid fusion of joint one year after the operation. 


bon 


In certain cases, where obliteration of the cavities is difficult to obtain or where meth- 
17 
llous 


ods to cover them have failed, Rhinelander has resorted to filling them with pure cance 
bone with partial closure of the skin over the graft wherever possible, and the preoperatiy 
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and postoperative use of penicillin. Considerable success has attended this method of 
treatment in cavities occurring in the ends of the bones, particularly in some of the 
cases of chronic infected cavities of the caleaneus. Starr has used cancellous bone to fi] 
these cavities, together with primary closure of wounds by plastic procedures. Successful 
closure, without breaking down of the wound after the operation, has been secured in q 
high proportion of cases. It is essential, as emphasized by Rhinelander and Starr, that 
cancellous bone only be used. Cortical-bone chips sequestrate with uniformity. These 
surgeons have kindly permitted us to refer to their work in this article. 

In our own work at the University of California Hospital and affiliated hospitals, we 
have had a series of fifteen cases of infected compound fracture and one case of tuberculosis 
of the knee of many years’ duration with formation of secondary infection and a sinus, 
The joint was excised, and the cavities in the lower end of the femur and upper end of the 
tibia were filled with iliae bone. The wound was closed, with a tube inserted for topical 
administration of penicillin for a period of ten days. This drug was also given intra- 
muscularly for three months after the operation. Primary healing of the wound was se- 
cured with solid ankylosis of the joint in six months (Fig. 25). In this case, the pathological 
examination showed tuberculosis, secondary infection, and xanthomatosis. 

Our conclusions were that, in compound fractures with infection, chances of securing 
primary healing were enhanced by thorough surgical removal of infected tissues and non- 
viable bone, in conjunction with adequate penicillin therapy. In most instances, it is 
advisable to attempt to obtain complete healing of the bone and soft tissues before under- 
taking bone-grafting. The use of metal plates for internal fixation should be avoided if 
possible. If such plates are indispensable, they should be removed at an early and suitable 
time. It is important to avoid tension in closure of the soft tissues. In certain cases, where 
closure can be effected only with difficulty and the wound must remain open, a complete 
packing of the wound with bone of the cancellous type is justifiable. This is a procedure 
particularly applicable where large cavities have occurred at the ends of the long bones, 
such as the lower end of the femur and upper end of the tibia, or in extensive septic cavities 
in the tarsal bones, especially the caleaneus. In such eases, particularly the tarsal bones, 
the soft-part tissues will heal slowly after the graft has taken, and healing will be facili- 
tated by split-thickness grafts and later some plastic procedures to get full-thickness skin 
pliable and movable over the surface of the cavity. 


SUMMARY AND CONCLUSIONS 


In conclusion we should emphasize that the mature elements of either a cortical ora 
cancellous-bone graft seldom survive transplantation. Those elements which may survive 
and produce new bone are the cells of the so-called endosteal and periosteal layers. A 
cortical graft is a solid mass of mature elements with its surfaces covered by endosteum 
and periosteum. Therefore, it possesses strength, but has little osteogenetie power. On the 
contrary, cancellous bone is of a loose pattern, with interlacing and branching trabeculae, 
every one of which is covered by endosteal cells. It possesses a high osteogenetie power. 
Furthermore, this very loose structure permits of early and thorough revascularization. 
Cortical bone as a grafting material is most useful where strength is of primary impor- 
tance, as in the ununited fractures of the shafts of the long bones. It may be used to 
advantage with cancellous bone which furnishes the osteogenetic medium. Cancellous 
bone as a grafting substance is preferable in the treatment of ununited fractures of the ends 
of the long bones and defects of bone caused by tumors or infection, for fusion of joints, 
fusion of the spine, and in correction of severe deformity by the open-wedge type of osteot- 
omy. 

In compound fractures with infection, early and complete healing of the wound by 
excision of scar, removal of sequestra, plastic procedures on the skin and soft parts, and by 
the use of the sulfonamides and penicillin, is of the utmost importance. Compound infected 


THE JOURNAL OF BONE AND JOINT SURGERY 





thod of 
> of the 
1e to fil] 
iccessfy] 
red in q 
irr, that 


These 


tals, we 
reulosis 
a sinus, 
1 of the 
topical 
1 intra- 
WAS se- 
ological 


ecuring 
1d non- 
Ss, it is 
under- 
ided if 
uitable 
, Where 
mplete 
cedure 
bones, 
avities 
bones, 
facili- 
ss skin 


al or a 
urvive 
prs. A 
ysteum 
On the 
oculae, 
power. 
ration. 
mpor- 
sed to 
‘ellous 
e ends 
joints, 
steot- 


nd by 
nd by 
fected 


URGERY 





CORTICAL AND CANCELLOUS BONE AS GRAFTING MATERIAL 413 


fractures, With loss of substance, remain a difficult problem, although notable advances 
have been made in their treatment during the recent War. If there is moderate loss of 
substance, success has attended the use of dual or triple grafts of cortical bone, with can- 
eellous bone alone, or with the two types used jointly. It is true, however, that, in many 
eases With extensive defects, healing across the gap may be incomplete, or fracture may 
occur through immature callus. In such cases several bone-grafting operations may be 
needed. In some instances, it is best to perform the operation in two stages. In the first 
stage, the gap is filled with cancellous bone to secure early union of the fragments and to 
provide a continually vascular bed to which the cortical grafts are applied at the time of 
the second operation. Uniform revascularization of the cortical grafts may then be secured 
with complete consolidation of the fracture 
In cases of non-union or cavity formation with infection where healing of the wound 
eannot be obtained, particularly in the ends of the long bones and the bones of the carpus 
and tarsus, it is worth while to use cancellous bone as a grafting material. In such cases, 
union of the fragments or obliteration of the cavity may be secured. It should be empha- 
sized here that, in our experience, we have found cancellous bone to possess a high degree 
of viability in the presence of infection, particularly if penicillin is employed before and 
after the operation. On the contrary, a cortical graft seldom survives infection, and gen- 
erally is extruded from the wound as a sequestrum. 
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DISCUSSION 

Dr. Ratpo K. GuHorMiey, Rocuester, Minnesota: I am very much interested in Dr. Abbott’s pres- 
entation. I wish he might have spent a little more time on the experimental work. Some ten or twelve 
years ago Dr. Stuck and I did some experiments on transplantation of bone, using cancellous bone and 
cortical bone, and we arrived at about the same conclusions. Certainly, the cancellous grafts unite very 
quickly, and the cortical grafts go through a long tedious process. One thing we noticed which he did 
not mention was that cortical grafts, after they reach a stage where they have good circulation, go 
through a stage of atrophy. For that reason many of us watch our cortical grafts because some of them 
will be so atrophic that they will break. It is simply by careful watching that you can check up and 
prevent these fractures which may occur. 

I want to congratulate Dr. Abbott on this presentation, which is a very excellent one and furthers 
our knowledge of bone-graft surgery. 

Dr. Fremont A. CHANDLER, Cuicaco, ILtrNots: I certainly appreciate the opportunity of seeing those 
roentgenograms which help us to realize the change that goes on in the cancellous graft. A number of 
years ago, we began using cancellous grafts in the operation which we described as presacral fusion. We 
learned from subsequent experience in that type of operation. If we are to learn to use cancellous grafts, 
it is well to remove the cortex of the ilium so that vascularization can occur from both directions. I have 
had one or two experiences in which the graft had fractured at one place, and I then had occasion to 
take it out. Within a week that graft was fixed over the surface which had been denuded of the cortex 
The opposite surface was not adherent to the soft tissues about the area. In other words, the circulation 
enters from both directions. If we take off a thin sliver of cortex, we will expose the cancellous bone, 
and remove the barrier to non-absorption, thus making for better ossification of that area. 

The fact that the bone survives and proliferates in part is well worth remembering. It is certainly 
in contrast with my limited experience with fibular grafts where the graft is protected on all surfaces. 
When those grafts are taken out, as they are occasionally, we see the surface eroded, chiefly at the ends 
of the shaft, and there is no proliferation. 

The application of the cancellous graft is very wide, and it can be taken off very readily. I think 
you can use half of the ilium if you have to, in order to make up the defect along the shaft of the long 
bones. The use of the fibula in the Hibbs fusion utilizes the same principle to a great degree. 

Dr. LeRoy C. Asporr, SAN Francisco, CaLirorN1A: May I leave one impression that may provide 
food for thought in relation to treatment of defects in the long bones. I would suggest that, in some cases, 
grafts of cancellous bone to reestablish the circulation might be used first, and later grafts of cortical 
bone be applied at a relatively early period. These cortical grafts would then be revascularized through- 
out their length. I thank those who have taken part in this discussion very much. 
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EXTERNAL ROTATION OF THE LEG IN POLIOMYELITIS 


BY SAMUEL C. YACHNIN, M.D., PASSAIC, NEW JERSEY 


From the New York State Reconstruction Home, West Haverstraw, New York 


Major advances have been made, since 1900, in the knowledge and application of the 
principles of orthopaedic care in poliomyelitis. This is true, not only with respect to the 
surgical means of overcoming or improving disability, but also as regards the prevention 
of deformity. Lewin has postulated that no major deformity should be permitted to occur. 
Ruhrih has set forth the idea that “the causes for subsequent deformity develop early, and 
prevention should start at once”. The recognition and application of these two principles 
will materially reduce the incidence of external rotation of the leg—commonly called 
external torsion of the tibia. The author believes that this deformity develops early and 
‘an be prevented. 

The existence and the importance of this deformity cannot be doubted, and have long 
been recognized by many orthopaedic surgeons. Lowman, who observed the work of Hoke 
in Atlanta, stated: “Many operated foot cases were relapsing because the rotation de- 
formity had received no consideration”. Bradford and Lovett stated: ‘There is a tendency 
to outward rotation of the tibia upon the femur in cases of long-standing paralysis of the 
leg. In this case the eversion of the foot in walking is a troublesome complication.”” Whit- 
man noted the presence of outward rotation of the 
tibia in confirmed knock-knee. Hatt and Hough 
demonstrated the presence of tibial torsion in nine- 
teen patients out of eighty-six with deformity around 
the knee. Smith described a case of equinovarus 
deformity, due to an imbalance of the lateral sta- 
bilizers, which was associated with abnormal “out- 





ward rotation or’ torsion of the entire tibia and fibula 
at the knee’. He stated that the varus deformity 
was likely to recur after correction unless the torsion 
was overcome (Fig. 1). Crego and MeCarroll ana- 
lyzed recurrent deformities in 1100 consecutive sta- 
bilizations of paralytic feet. They noted that in 
eighteen out of forty-three instances, associated with 
other malformations in the remainder of the extrem- 
ity, external torsion was responsible for the recurrent 
deformity, usually causing varus of the foot. In 
seventeen other cases in which external torsion was 
combined with knock-knee, either varus or valgus 
of the foot recurred. O’Donoghue reported that one 
of the major factors in the production of disability 








in children, as observed in a large orthopaedic clinic, 
had been “a definite rotation of the lower leg with 
a disturbance of relationship between the knee and 
ankle...” 

Thus we see that external rotation of the leg has 
been encountered quite frequently, and its impor- 
tance has not been overlooked. Correction has been 


Fig. 1 


This patient, whose poliomyelitis 
began in 1941, is ambulatory with a 
brace for the left ankle. The leg is in 
45 degrees of external rotation. The 
patellae, tibial tubercles, and crests are 
outlined. Varus deformity of the foot 
is present, and is apt to recur alter 
foot correction unless the external ro- 





an ° . : sc ect b tibial osteotomy. 
accomplished by simple osteotomy of the upper = 0P 3s corre ed by tibia 


fourth of the tibia, or by the controlled rotation osteotomy described by O'Donoghue. It is 
hot the purpose of this paper to discuss the treatment of this deformity, but rather to 
analyze its cause and the possibilities of its prevention. 
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Various theories have been advanced to explain the development of deformities jy 
poliomyelitis. The early idea had been that they were brought about by the unopposed 
action of the muscles which were not affected. Lowman considered the cause of this de. 
formity as an unbalanced action between the rotators of the flexed knee,—cither from 
definite overaction on the part of the biceps, or “as a passive attitudinal deformity ip 
which the external rotator has shortened with insufficient opposition on the part of th, 
internal rotator”. Bradford and Lovett state: “Volkmann . . . explained nearly all th 
deformities on mechanical grounds, urging that the deformities were developed partly by 
reason of the weight of the limbs concerned and the position which they assumed when at 
rest, and partly because of the muscular insufficiency of the affected limbs which allowed 
the articular surfaces to be subjected to an excessive pressure when brought into use, which 
had the effect of gradually pressing them into abnormal position”. Yount felt that postural 
influences must be paramount in external rotation below the knee, and that muscle im- 
balance could not be the explanation. The grouping of paralyzed muscles at the knee 
which would lead to muscle imbalance would be paralysis of the internal rotators without 
involvement of the external rotators. Yount repeatedly observed this deformity when this 
grouping was not present. He postulated further that there was a pathological contracture 
of the tissues on the outer side of the knee, particularly of the iliotibial band, and not 
merely an overaction of the external rotator. He maintained “that the tensors of the fascia 
lata when in a state of contracture may be effective in producing external rotation of the 
tibia, though normally they have no such action”. 

The evidence submitted here seems to point to the mechanical factor as being of prime 
importance in the development of this deformity, associated with a definite grouping of 
muscle paralysis. Furthermore, the facts presented support the belief that abnormal 
external rotation of the leg will occur under the following circumstances; and that, in the 
absence of any one of these, this deformity is not likely to occur. 

1. Complete paralysis of the internal rotators at the hip (in a few instances, slight 
power was present, rated at poor minus, or 10 per cent. muscle). 

2. No support, or incomplete support, of the extremity during the first few months of 
illness, so that the entire lower extremity assumed the position of external rotation for a 
major portion of the time. , 

3. Complete er severe paralysis of the muscles at the knee. This included both the 
flexors and extensors, whose power was not better than poor, or 20 per cent. muscle. 

The foregoing statements are based upon a study of the anatomy and mechanics of 
the knee joint and its supporting structures, and an analysis of 125 patients (or 250 
extremities) at the New York State Reconstruction Home. 


ANATOMY AND MECHANICS 


It is not intended to review completely the entire anatomy of the structures around 
the knee, but rather to discuss those facts that are pertinent to the question presented. 

The knee is a hinge joint, formed by the articulation of the lower end of the femur 
with the upper end of the tibia. The fibula is very firmly attached to the posterolateral 
surface of the upper end of the tibia by the anterior and posterior tibiofibular ligaments; 
so that, In movements at the knee joint, it forms a single mass unit with the upper end 
of the tibia. 

The knee joint possesses flexion and extension in the sagittal plane, and inward and 
outward rotation in the transverse plane. This axial rotation occurs only in flexion; while 
in full extension, the joint is locked against it. At the end of extension the external rotation 
of the tibia on the femur, which is normally present, is checked by the tibial collateral 
ligament, which becomes taut*, particularly in its posterior portion. The cruciate ligaments 
offer no check action to this motion, because they uncross during outward rotation, Fur- 
thermore, it has been shown that, when the cruciate ligaments are severed in full extension, 
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Fic. 2 
Articular surface of the tibia, as seen from above. The anterior cruciate ligament is attached 
to the tibia close to the medial condyle of the tibia and medial to the longitudinal axis of the 


tibia. 


stability is not altered except for slight anterior and posterior increased motion. The 
anterior cruciate ligament is somewhat taut in full extension.’* It is important to note 
that its attachment to the tibia is medial and anterior to the intereondyloid eminence, a 
point which would seem to represent the fulerum around which the axial rotation of the 
tibia occurs. Furthermore, Steindler states that: “The longitudinal axis of rotation 

falls within the median condyle”. This attachment of the anterior cruciate ligament is close 
to the medial condyle of the tibia, and medial to the longitudinal center of the tibia at its 
upper end (Fig. 2). Since the tibia and fibula must be considered as a single mass unit 1 
motion, this fulerum of axial rotation is even more medially placed in relation to the 
longitudinal center of the knee joint. Examination of the joint will show that the distance 
from the medial surface of the tibia to this fulerum is three-eighths of the total transverse 
distance from the medial surface of the tibia to the lateral surface of the fibula. Thus it is 
apparent that the greater weight mass at the knee joint is external to the longitudinal 
center of rotation. If it were not for the stabilizing action of the ligamentous and muscular 
supporting structure, the leg would, of its own weight, fall into external rotation. 

A detailed discussion of the anatomy of the supporting muscles around the knee is not 
required. The important point is that, when they are severely paralyzed, the joint suffers 
loss of stability. It has been shown in innumerable instances that the first and principal 
safeguard of the integrity of a joint is the muscle; and that, without it, the joint eventually 
would become relaxed and even dislocated. For instance, in cases of severe paralysis at 
the shoulder, the foree of gravity is ample to bring about such a relaxation of the un- 
protected joint that subluxation and even real dislocation may result. This may also 
occur at the hip joint, particularly in instances of unprotected weight-bearing on a severely 
paralyzed hip. The knee joint, likewise, demonstrates definite increased laxity when its 
supporting muscles are severely paralyzed. Definitely increased motion, both antero- 
posteriorly and laterally, can be elicited. This is much more apparent in flexion. In full 
extension, when there is increased external rotation, the slack of the lax tibial collateral 
ligament is taken up at the extreme of rotation, so that undue motion on the inner side of 
the knee joint by abduction of the leg is difficult to demonstrate manually. 

The theory that this deformity is caused by a muscle imbalance of the rotators of 1 
knee postulates the presence of a paralytic grouping in which the biceps femoris is stronger 


ne 


than the inner hamstrings. Such a situation was found in only three of our eases. In thi 
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Fic. 3 


A shows knee joint, as seen from above. B shows ankle joint, seen from below. Drawing 
demonstrates the angle of normal external rotation of the axis of the ankle joint to the trans- 
verse axis of the knee joint. 


rest, either the external and internal rotators were of equal strength or the inner hamstrings 
were slightly stronger. 

The role of the iliotibial band in this deformity is questionable. This structure inserts 
on a tubercle on the proximal surface of the tibia, mid-way between the apex of the patella 
and the head of the fibula. With the knee in full extension, its direction of pull is along the 
line of the lateral side of the knee, practically mid-way between the anterior and posterior 
planes; and mechanically it would cause abduction of the leg, rather than rotation, if it 
were contracted. Furthermore, if adaptive shortening of the iliotibial band were an im- 
portant factor in this deformity, fasciotomy of the band with intermuscular stripping 
should release any resistance that it might offer to manual correction of rotation. This was 
not true in one of our patients, upon whom this operation was done bilaterally to correet 
hip-flexion contracture. Postoperatively, the severe external-rotation deformity (one leg 
to 70 degrees and the other to 50 degrees) remained unchanged, and could not be altered 
manually when the knees were fully extended. 

In summarizing the discussion of the anatomy and mechanies, the following facts are 
emphasized: The fulerum of axial rotation at the knee is medial to the mid-line of the 
joint, so that the greater weight mass is lateral. The joint presents more laxity when its 
supporting muscles are severely paralyzed, thus lessening the checkrein activity of the 
tibial collateral ligament to increased external rotation. As a result, when the entire lower 
extremity assumes a position of external rotation from the hip downward, the portion 
below the knee increases its external rotation above normal and gives rise to this deformity. 


ANALYSIS OF CASES 


One hundred and twenty-five patients were studied, ranging in age from seven to 
twenty-nine years. Younger children were not included, because it was felt that the history 
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of their early treatment would be unreliable and would offer little of value to this study. 
The sexes were about equally represented. Thirty-nine cases were used as controls, as a 
means of determining the normal range of external rotation. All had normal lower extrem- 
ities. Fourteen of these were not poliomyelitic patients; twenty-five had had poliomyelitis 
(nineteen with upper-extremity involvement and six with only mild weakness of one or 
hoth lower extremities), all muscles being fair to good at the time of the original examina- 
tion. In addition, sixteen patients had severe unilateral involvement, in which the other 
extremity presented normal or only mild weakness of the muscles. Thus a normal range 
of external rotation was computed from the measurements of ninety-four extremities 
This proved to be from 15 to 30 degrees, with an average of 25 degrees. Only eight meas- 
ured more than 25 degrees, and fourteen less than 25 degrees. 

The angle of external rotation was estimated by measuring the difference between the 
transverse axis of the knee joint and that of the ankle joint, with the knee in full extension. 
The transverse axis of the knee was taken as a line through the joint, parallel to the 
examining table, when the patella was in the mid-line with its anterior surface directly 
facing the ceiling. The axis of the ankle joint was taken as a line connecting the tips of 
the medial and lateral malleoli of the ankle, when the leg was held in the position de- 
scribed. A modification of an ordinary goniometer was used for the measurements. 

Various investigators have studied the angle of deviation of the ankle joint from the 
transverse axis of the knee joint. Le Damany estimated the average in 100 tibiae to be 
93.6 degrees: in 50 right tibiae as 25 degrees, and in 50 left tibiae as 22 degrees. Elftman 
studied thirty-five male cadavera, and found the average malleolar torsion to be 27.4 


. 





Fic. 4 Fic. 5 


Fig.4: Patient with moderate deformity,—45 degrees of external rotation on the right. 

Fig.5: Case of severe deformity, with 60 degrees of external rotation on the right and 25 degrees 
on the left. The patient is wearing bilateral long caliper braces, attached to a pelvic band. The 
nght brace holds the foot in correction, but the patella points medially and the tibial tubercle is 


shifted laterally. 
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TABLE I 


ANALYSIS OF CASES OF PARALYSIS OF THE LOWER EXTREMITIES 


\ f totation History of Support 
YoO.O0 
Group Cases First Leg Second Leg Non Good Unreliable 
A 3 Severe Severe 2 l 
2 Severe Moderate 2 
4 Severe Normal 2 2 
2 Moderate Moderate l 1 
9 Moderate Normal 3 3 3 
26 Normal Normal 19 7 
B l Severe Normal 1* 
3 Moderate Moderate l l l 
3 Moderate Normal 2* l 
8 Normal Normal 6 2 
& 2 Severe Normal l l 
l Moderate Moderate l 
6 Normal Normal 2 4 
D l Severe Normal l 
6 Moderate Normal 6 
5 Normal Normal 3 2 
1D 4 Normal Normal 2 2 
Total 86 21 38 27 


* Support was used, but it was inadequate in the leg presenting the deformity. 


degrees plus or minus 1.25 degrees of variation (Fig. 3). Steindler states that the angle is 
30 degrees. Although the average in our series was 25 degrees, ranging up to 30, allowance 
has been made for error, because our method admittedly could not be so accurate as that 
used by Elftman. As a result, for the purposes of this study, the normal was considered 
to be as high as 35 degrees. Rotation of from 35 to 50 degrees was considered moderate, 
and 50 degrees or above was considered severe. 

Eighty-six patients with poliomyelitis had severe or complete paralysis of one or both 
lower extremities. Thirty-seven of them demonstrated external-rotation deformity,—ten 
patients in both extremities and twenty-seven in one extremity. In one of these, the onset 


of poliomyelitis was in 1943; in twenty-two, in 1944; and in fourteen, in 1945,—about four 


months prior to this examination. A careful history was taken of the extent of support to 
the paralyzed extremity during the first four months of illness. Information was obtained 
as to whether a bed board, pillows, sandbags or posterior splints, with or without crossbars, 
were used to support the extremity and hold the foot in neutral rotation. A reliable history 
was obtained in fifty-nine cases, or 69 per cent. Notation was made. of those who gave a 
definite history of support, those who had no support or whose support was not adequate 
for the major portion of the time, and those in whom the history was too indefinite to be 
considered. 

Table I presents an analysis of those cases with complete or severe paralysis of one 
er both lower extremities. The extent of external rotation in each leg is recorded as severe, 
moderate, or normal. Notation is made of the extent of paralysis, with particular attention 
to the internal rotator of the hip and the muscles around the knee. Exceptions, which were 
few, are also noted (Figs. 4 and 5). 

Group A includes the cases which showed zero muscle power in both lower extremities, 
including the hips. In six instances the external rotator at the hip, with or without the 
knee extensor and the hamstrings, showed slight power, rated as poor minus or poor. 

The cases in Group B showed zero muscle power in one extremity and poor-minus 
power of the internal rotator of the hip, with no better than poor power throughout the rest 
of the other extremity. In six instances, fair power was present either in the knee extensor 
or the hamstrings. 
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The cases in Group C showed poor minus or poor power throughout both lower ex- 
tremities. 

The cases in Group D presented one extremity with zero power throughout, and the 
other with fair or better power. 

In Group E the cases showed one extremity with poor power throughout; normal 
power was present in the other. 

An analysis of Table I showed that thirty-seven patiefits presented external-rotation 
deformity of one or both legs. Of this number, twenty-one, or about two thirds, gave a 
definite history of lack of support; six, or about one sixth, gave a history of adequate 
support; and ten, or about one fourth, gave an unreliable history. 

Thus there seemed to be a definite association between the incidence of external- 
rotation deformity and a history of no support. When we analyze the group of cases 
which presented no deformity, despite severe paralysis of one or both lower extremities, 
the facts are even more significant: Forty-nine cases presented no deformity; of these, 
none gave a history of no support; thirty-two, or two thirds, gave a history of adequate 
support; and seventeen, or one third, gave an unreliable history. 

It would appear, therefore, that adequate support to the lower extremity—sufficient 
to hold it in neutral rotation from the hip downward—will prevent the occurrence of 
external-rotation deformity of the leg. 

DISCUSSION 

The deformity described herein is more accurately termed external-rotation deformity 
of the leg than external torsion of the tibia. Clinical examination will demonstrate that 
the entire tibia and fibula are rotated outward, and that the tibial tubercle is definitely 
displaced laterally in relation to the patella. The rotation takes place through the knee 
joint, around the axis of the attachment of the anterior cruciate ligament on the superior 
surface of the tibia. When the supporting muscles around the knee are severely weakened 
or paralyzed, laxity of the tibial collateral ligament results. This reduces its action as a 
checkrein to increased external rotation. The deformity occurs during the early months of 
the illness, while the patient is still confined to bed. The internal rotators of the hip are 
severely weakened or paralyzed, thus allowing the unsupported lower extremity to assume 
the position of external rotation from the hip downward. When this abnormal position is 
not prevented by whatever mechanical means are at hand, and strict attention is not paid 
to continued support, this deformity will probably occur. 

Note: The author wishes to thank Halford Hallock, M.D., Surgeon-in-Chief, for permission to pub- 
lish this paper. Grateful acknowledgement is made to John C. McCauley, M.D., for his kindly interest 
and constructive criticism. 
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THE TREATMENT OF FRACTURES OF THE FEMUR IN A FIELD HOSPITAL 


BY IVAR ALVIK, M.D.*, SANDVIKA, NORWAY 


Although improved methods of emergency traction splinting and of treating shock 
have greatly reduced the mortality from combat fractures of the femur, management of 
the more difficult cases still constitutes a considerable problem. Treatment in the field 
must include measures to provide a maximum of immobilization of the fracture fragments, 
together with a minimum of interference with the transportation and nursing care of the 
patient. 

A method of reduction and immobilization, devised at Field Hospital No. 1, has 
proved satisfactory in fulfilling these requirements, and has the additional advantage of 
facilitating active motion of the knee joint and of the ankle joint. 


TECHNIQUE 
The patient lies on a padded pelvic support, with the knee joint flexed to a right angle, 


* Formerly Chief of Norwegian Field Hospital No. 1. 
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and the hip to about 110 degrees (Fig. 1). The calf is supported by a wide cloth sling, 
suspended from the ceiling by a rope which parallels the longitudinal axis of the thigh; 
sufficient traction is exerted through this 
rope to correct the overriding. Débride- 





\ ment may now be performed, while an 
assistant steadies the suspended extrem- 
ity. A second sling may then be placed 




















Fic. 1 Fic. 2 


s 
— 


ig. 1: Shows patient lying on pelvic support, with slings supporting the extremity. 
f 


Fi 
Fig.2: Traction apparatus has been incorporated into the cast. 


+ a 


behind the thigh, at the level of the fracture; any posterior angulation of the fragments 
should be slightly overeorrected. The reduction is observed by means of portable roent- 
genographie apparatus; adjustments of the traction are made; and the corrected position 
is maintained while a padded hip spica cast is applied. The cast should be quite stout; it 
may be strengthened about the back of the knee by a molded wire splint or a wooden 
reinforcement. 

The plaster is now cut away from the anterior aspect of the extremity, from just above 
the knee downward; this permits motion in the knee and ankle. A traction apparatus is 
then incorporated into the cast (Fig. 2) to prevent loss of the reduction and the develop- 
ment of pressure uleers. A Steinmann pin is driven through the tuberosity of the tibia, or 
better, through the distal end of the femur. It is important that motion take place between 
the pin and the clamp rather than between the pin and the bone; hence a pin of fair size 
is preferable to a wire. A splint, applied to the plaster on the anterior aspect of the thigh, 
extends to hold a large pulley in front of the knee. The rope attached to the Steinmann 
clamp passes over this pulley and is fastened to a strong piece of rubber tubing, folded 
according to thickness and strength. The proximal end of this tubing is hooked to the 
proximal end of the splint, in order to maintain traction. A spring balance may be inserted 
for measurement of the tension; it should then be replaced by a piece of rope of equal 
length. 

The patient may now be transported on an ordinary stretcher. Adjustable crossed 
bars are attached to the handles of the stretcher, forming an angle in which the patient’s 
limb, eneased in plaster, may rest in the elevated position. If the patient is not to be 
transported, balanced suspension of his lower extremity and back will allow him to raise 
himself in bed without changing the position of the fragments. 

Wedging of the cast to correct angulation of the fragments may be carried out after 
the countertraction bar on the anterior aspect of the thigh has been removed temporarily. 
Secondary operative procedures may be performed through a window in the cast. Chang- 
ing the cast is accomplished readily, the position being maintained by use of the Steinmann 


pin for suspension of the extremity. 
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SYMPOSIUM ON THE INTERVERTEBRAL DISC 
INTRODUCTION * 


BY ARTHUR G. DAVIS, M.D., ERIE, PENNSYLVANIA 


In assembling this Symposium, it was the aim of the Chairman to determine, if pos- 
sible, the points upon which there was general agreement, and to explore the possibilities 
of resolving differences in diagnostic approach and therapy. It seemed natural that 
subject which was only ten years old should contain considerable divergence of opinion 
Information concerning intervertebral-dise pathology was very meager prior to the revo- 
lutionary work of Barr and Mixter. In 1927, the writer had occasion to search the world 
literature for evidence of involvement of the intervertebral dise in spine injuries. In the 
whole mass of literature on spine injuries, only two references could be found to indicate 
that the dise was involved!*. Having the results of this review of the literature in mind. 
the author made the observation, in a paper written in 1929, that the intervertebral dise 
appeared to be relatively invulnerable. No sooner had this observation been made than 
the monumental work of Schmor] and Junghanns appeared. Two other significant observa- 
tions—namely, those of Goldthwait and Dandy—complete the significant information as 
of the year 1934. Up until this time, the cause of low-back pain with sciatica hovered 
largely between lumbosacral and sacro-iliae concepts. 

The splendid work of Barr and Mixter, aided by Hampton, in 1934, therefore, struck 
the medical profession like a mental tidal wave. While this revolutionary concept involved 
the profession as a whole, the responsibility for its development devolved upon two special 
departments,—neurosurgery and orthopaedic surgery. It is not surprising that, with the 
different backgrounds involved in these two departments, the discovery of Barr and Mixter 
was interpreted differently. 

In assembling this Symposium it was natural, therefore, to select the contributors 
from those who had had the longest experience with the subject in both fields of surgery, 
as well as from those in the related fields. 

At the time this Symposium was presented, the author had treated approximately 
250 cases of protruded intervertebral disc. From the eighty-four replies to a posteard 
questionnaire, it was learned that sixty-two patients had returned to their former oceupa- 
tions and eighteen had changed their occupations; 90 per cent. had been relieved of their 
sciatica. The remaining 10 per cent. had recurrences or low-back pain. The recurrences 
were usually at an interspace other than the one found to be involved at the former opera- 
tion. It would appear that, because of the inability of the patient to assess his own symp- 
toms, the only fully significant end-result study is the one which includes a_ personal 
interview and examination of the patient. 

Experience with the frequency of recurrence in cases in which fusion was not done, 
the fact that protrusions occur largely in the two lowest intervertebral spaces, and the 
high frequency of unstable lumbosacral junctions have convinced the writer that in most 
cases, if not all, operation should include posterior fusion from the fourth lumbar vertebra 
to the sacrum. Approximately 150 consecutive cases have been treated in this manner, 
and recurrences have practically been eliminated. 

It is hoped that this “taking of stock” and the recording of the salient facts on this 
subject at this time will serve to clear away some of the confusion in a very new field, and 
will help to reconcile widely divergent points of view between neurosurgeons and ortho- 
paedic surgeons. 


__ * Presented at the Annual Meeting of The American Orthopaedic Association, Hot Springs, Vit- 
ginia, June 27, 1946. 
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END-RESULT STUDY OF THE INTERVERTEBRAL DISC * 
BY RAYMOND E. LENHARD, M.D., BALTIMORE, MARYLAND 


Although the intervertebral-dise lesion had been noted before the report of nineteen 
vases by Mixter and Barr in 1934, it was soon thereafter that the problem of the ruptured 
dise was attacked with enthusiasm, and that most of the operations were performed by 
neurosurgeons. This report pertains to a series of patients operated upon by Walter E. 
Dandy, M.D., of Baltimore. On numerous occasions his operations for dise injury had 
been discussed, and a year ago Dandy offered the author the privilege of communicating 
with his patients and of examining them for a postoperative follow-up. 

Prior to 1941, Dandy doubted the frequency of ruptured dise as reported up to that 
time; but, after seeing many cases, he became convinced that all low-back pain, with or 
without sciatic pain, was caused by injury or abnormality of the intervertebral dise. Dur- 
ing the years 1941 to 1944, inclusive, he operated upon 843 patients. In 1941 there were 
117; in 1942, 204; in 1943, 292; and in 1944, 230. The operative technique has been de- 
scribed by Dandy, and consisted of removal of the injured dise after an excision of the 
ligamentum flavum on the side of the sciatic pain. 

In March 1945, questionnaires were sent to all patients who had been operated upon; 
513, or 60 per cent., returned the questionnaire, as requested. One hundred and forty-seven 
patients returned for examination. 

* Read at the Annual Meeting of The American Orthopaedic Association, Hot Springs, Virginia, 
June 27, 1946. 
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The questionnaire was simply worded, so that “yes” or “no” could be checked in reply 
to the following questions: 


1. Have you been free from pain in the back or in the leg? 

2. Have you had any recurrence of pain? 

3. How much time elapsed after operation before your pain was relieved? 
4. Do you have any persistent numbness in the leg? 

5. Do you have stiffness of the back or of the leg? 


2 


6. Do you have weakness of the back or of the leg? 

7. Do you wear a back support? 

8. Have you returned to work? 

9. How long after the operation did you return to work? 
10. What type of work are you doing? 

11. Can you return for an examination? 


A separate letter was enclosed, stating that the examination would be made by the 
author, and an appointment was made for the patient. 

Questionnaires are not reliable for exact information. It was extremely difficult to 
evaluate the replies, because the answers did not qualify the degree of symptoms. Even 
the replies of those patients who were later examined did not give an accurate summation 
of their difficulties. However, by comparing the patients examined with their questionnaire 
answers, a fairly good estimate could be made of the replies of those patients who were 
not examined. 

Few of the patients were entirely relieved of all symptoms so that they could be 
classified as having excellent results, able to perform their normal activities without com- 
plaint. However, of the 147 patients examined, 35 patients, or 23.8 per cent., were entirely 
well. The results in all patients were enumerated as good, improved, or not improved. The 
good results included those that were excellent, but most of the patients in this classifica- 
tion had some residual complaint, such as back stiffness, ache with excessive activity, or 
slight numbness in the foot or leg. They were not incapacitated, however. The patients in 
this group were very pleased with their results, were very much better than before opera- 
tion, and did not consider the symptoms disabling. Those who were improved had much 
less pain and disability than before operation, but the complaints were of such a nature 
as to cause loss of time or to restrict activity, and the results could not be called good. 
Those who were unimproved were either at the same level of symptoms as before operation, 
or perhaps had some complication caused by the operation—such as foot-drop, rigidity 
from infection, or excessive weakness of the leg or back—which made them worse. 

Of the entire series of 843 cases, 566, or 67 per cent., were males, and 277, or 33 per 
cent., were females. Of the 147 patients examined, 98, or 67 per cent., were males, and 49, 
or 33 per cent., were females. 

The results in those examined were as follows: 


No. of Patients Per Cent. 


NE aa 2a ah As es uly dole Camda 99 67.5 
Improved See ates satoie Rate nbn pase a 25 17.0 
Not improved 23 15.5 
Totals . pesawctess 147 100.0 


The results in those not examined were: 


No. of Patients Per Cent. 


Good . Pacetearia 5 200 59.5 
Improved Lewes OT ere e - 77 22.9 
ee Bene ae ala Kicerieree ae te 59 17.6 
Totals pean aneaeas Pr 336 100.0 


Dandy changed his mode of attack in the dise operation, and, therefore, divided the 
series into three phases. Before January 1942, the loose fragment or sequestrum was re- 
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TABLE I 


PATIENTS OperRATED Upon 


No. of Patients Per Cent. 
First period 117 13.9 
Second period 355 12.1 
Third period 371 14.0 
Totals 843 100.0 
TABLE II 
RESULTS IN 147 Patients EXAMINED 
Per Cent. Good Improved Not Improved 
of Patients (Per Cent.) (Per Cent.) (Per Cent.) 
First period 8.9 76.9 7.7 15.4 
Second period 30.7 71.1 15.5 13.4 
Third period 60.4 64.0 19.1 16.9 
TABLE III 
RESULTS IN 336 Patients Nort EXAMINED 
Per Cent. Good Improved Not Improved 
of Patients (Ps rCent.) (Pe ‘(Cent.) (Pe *(C'ent.) 
First period 10.1 58.4 20.8 20.8 
Second period 39.6 57.1 25.6 17.3 
Third period 50.3 615 21.3 17.2 


moved; between January 1942, and June 1943, a curettage or removal of the entire dise 
was done; and after June 1943, multiple dises were recognized and removed entirely. After 
operation the patient was usually able to leave the hospital in from ten to fourteen days 
with a light canvas support for the back, to be worn for approximately three months. 

It was felt that the third procedure would give the best results, but an analysis of the 
statisties (Tables I, II, and III) showed that the results were not dependent upon the type 
of operative removal of the dise. 

tecurrences of symptoms, and, therefore, supposedly recurrences of dise lesions, oc- 
curred in some of the patients. Of the 147 examined, twenty patients had multiple opera- 
tions. Sixteen patients had two operations; of these, six were classified as having good 
results, four as improved, and six as not improved. Two patients had three operations, 
one with improvement and one without improvement. Two patients had four operations 
and then had good results. In most of the patients who had multiple operations, the first 
operation was performed in the second period,—that is, with removal of the entire dise 

Of the patients who had more than one dise explored at the time of operation, many 
had “concealed” dises and dise protrusions. Twenty-five cases of concealed dise alone were 
found. Of these, fifteen were classified as good results, five as improved, and five as not 
improved. 

The residual complaints in the patients examined were numbness in the leg, occasional 
cramping of the leg or foot, weakness of the back with excessive activity, or stiffness after 
being at rest. Some of the findings causing the complaints were postural back strain, 
arthritis, tight back muscles, and tight hamstrings. Similar complaints and physical 
findings, but of greater magnitude, were found in the improved and unimproved cases. 

An analysis of the twenty-three unimproved cases showed ten patients with chronic 
back strain, six with chronic back strain who were also very neurotic, three with arthritis, 
two with foot-drop, and two with recurrences. 

About 25 per cent. of the patients either had had no roentgenograms or the films 
could not be located. Another 25 per cent. had negative findings. Approximately 30 per 


VOL. 29, NO. 2, APRIL 1947 











428 R. E. LENHARD 


cent. had narrowed interspaces, some of them associated with minor congenital anomalies, 
such as spina bifida and sacralized vertebrae. There was no distinct relationship between 
the narrowed space and the faulty disc. It was either at the level of the narrowed space or 
it was at the space above or below it. Five per cent. of the patients had arthritis of the 
lumbar spine or sacro-iliae region, or of both. Postoperative roentgenograms showed no 
appreciable change in the interspace involved. It is probably too soon to determine 
whether the space will collapse or show any evidence of bone fusion. 
The location of the defective disc in the 147 patients examined was as follows: 


Fourth lumbar vertebra 22 per cent. 
Fifth lumbar vertebra 28 per cent. 
Fourth and fifth lumbar vertebrae 40 per cent. 
Third, fourth, and fifth lumbar vertebrae 7 per cent. 
Lesions at higher levels 3 per cent. 


100 per cent. 


Except in a few of the very early cases, the lesion was not localized by an opaque medium 
before operation. 


COMMENT 


In this series of cases, a neurosurgeon only removed the dise. Fusion of the posterior 
spine was not performed in any of the patients examined. 

Some of the patients with residual complaints, due to tight muscles or faulty body 
mechanics, could be helped by appropriate physical therapy or by fusion. 

Since 90 per cent. of the abnormal discs were at the fourth and fifth lumbar inter- 
spaces, it seemed unnecessary to use myelograms as an aid to the usual roentgenographic 
examination for low-back pain with sciatica. 


SUMMARY 


In a series of 843 operations for removal of an injured intervertebral disc, 67 per cent. 
of the patients were males. 

The operation afforded good results in 67.5 per cent. of the patients examined. Of 
those not examined but surveyed by questionnaire, apparently good results had been 
obtained in 59.5 per cent. 

Tweniy patients required multiple operations for recurrences, in a series of 147 who 
returned for examination. 

Roentgenographic interpretations are not reliable for accurate localization of the 
lesion. 
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RUPTURED INTERVERTEBRAL DISC AND SCIATIC PAIN * 
BY JOSEPH S. BARR, M.D., BOSTON, MASSACHUSETTS 


As students of the defects and diseases of the human frame, we are daily reminded 
that the truth is hard to come by, and that our knowledge of any medical subject is in- 
complete, defective, and capable of continually being increased. Therefore, our intellectual 
concepts require frequent re-examination and revision. We meet today to re-examine the 
present status of our knowledge with regard to intervertebral-dise lesions in the low lum- 
bar spine. Fact and opinion are as closely related as cause and effect. None of us can 
acquire facts with regard to dise lesions without developing opinions as to their etiology, 
diagnosis, and treatment. 

In this paper there will be reviewed some pertinent facts with regard to these lesions, 
which are well substantiated, and certain opinions will be expressed which are personal 
interpretations of questions which arise in all our minds. 

The syndrome of the ruptured dise which, pressing on one or more of the nerve roots 
of the lumbosacral plexus, causes intractable sciatic pain, has been so well demonstrated 
that it is accepted and recognized by practically every physician today. Our knowledge of 
the syndrome is still incomplete, but it is increasing rapidly; and there is every indication 
that acrimonious debate and empirical speculation are giving way to agreement on the 
basis of documented and verified information. Although a “snap” diagnosis of this con- 
dition can be made in many cases from the history alone, it is unsound medical practice 
to indulge in hasty or slipshod methods. A careful, complete history and physical exami- 
nation are indispensable to accurate diagnosis and treatment. 

A ruptured intervertebral dise may cause no symptoms; it may produce a classical 
case with essentially all the usual signs and symptoms; or it may produce atypical and 
variable symptoms and signs. The presumptive diagnosis of ruptured intervertebral dise 
should be made clinically, not on the basis of a few signs and symptoms, but on all the 
available evidence,—that is, a complete history, physical examination, and the pertinent 
laboratory data. In many eases where the diagnosis is obscure, it will be helpful to repeat 
the examination, particularly during an exacerbation of the symptoms. 

It is important to realize that patients with back pain, but no leg pain, may be suffer- 
ing from a ruptured intervertebral disc; in some of these patients, “classic”? symptoms 
and signs of sciatic pain will eventually develop. If the dise rupture is small or is placed far 
laterally, it may produce only local backache. Such a lesion will escape visualization by 
contrast myelography and it will in most instances escape visualization at the time of 
lamineetomy*. It may be that, in a certain number of rather typical clinical cases in which 
exploration fails to reveal a ruptured disc, the patient with sciatic pain may actually 
have a ruptured disc, but placed so far laterally that it escapes detection. Whether uni- 
lateral facetectomy and a radical exploration should be done in such cases, or whether the 
surgeon should be content to do a spine fusion without facetectomy, is still an unsolved 
problem. 

Dise lesions, however, are not the cause of all mechanical backaches. Acute liga- 
mentous and muscle strains do occur. Backache due to postural defects is common. It is 
relieved by postural exercises and support, and it is unfavorably influenced by lami- 
nectomy in a search for a non-existent dise lesion. Ankylosing arthritis (Striimpell-Marie 
disease) can produce signs and symptoms almost indistinguishable clinically from a dise 
lesion, and in many early cases of this type of arthritis, operations have been performed 


* Read at the Annual Meeting of The American Orthopaedic Association, Hot Springs, Virginia, 
June 27, 1946. 
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because of failure to look for signs of its presence,—such as limitation of chest expansion, 
roentgenographic changes in the sacro-iliae joints, and elevation of the blood sedimenta- 
tion rate. 

One must consider and rule out in each suspected case of ruptured intervertebral dise 
a long list of diagnostic possibilities, including infectious processes, tumors, and mechanical] 
lesions. Granted that ruptured intervertebral disc is the most common cause of intractable 
low-back pain and sciatie pain, it is not the only cause. No attempt will be made in this 
paper to review completely the characteristic clinical findings of ruptured intervertebral 
dises. The medical literature contains many excellent articles on this subject’. 

The problem of the accurate preoperative localization of the site of the lesion of a 
ruptured intervertebral dise has received a great deal of attention. It has been pointed out 
by numerous authors** that a lesion of the lumbosacral dise is often accompanied by 
paraesthesia or anaesthesia along the lateral border of the foot and the posterolateral 
aspect of the leg. The ankle jerk is usually diminished or absent, and there may be 
moderate to severe muscle weakness involving the gastrocnemius group. A lesion at the 
fourth lumbar dise often produces paraesthesia or anaesthesia of the great toe and the 
anterolateral aspect of the leg. There may be weakness or dorsiflexion of the great toe. 
The ankle jerk, although sometimes diminished or absent, is generally unaffected. The 
presence of a narrowed interspace, as shown in the lateral roentgenogram, will also aid in 
the localization of the lesion. Recently, Inman and Saunders have attempted to demon- 
strate that pain in the low back and buttocks, complained of in cases of ruptured inter- 
vertebral dise, has a segmental distribution which may be of localizing value. In the eases 
which we have studied preoperatively at the Massachusetts General Hospital in which the 
site of the lesion was verified at operation, it has been possible to predict the location of the 
lesion by clinical methods in approximately one half of the eases. Although this proportion 
of correct localization may be raised by refinements in the technique of examination, it has 
not yet attained a really satisfactory degree of accuracy. 

Although certain surgeons are willing to operate upon their patients on the basis of 
clinical findings alone, the majority of surgeons throughout the United States believe that 
preoperative myelography is indicated in almost every instance. Such an examination, 
when positive, localizes the lesion, suggests additional areas to be explored, and rules out 
or visualizes spinal-cord tumors. It is of value even when negative; for, in those cases in 
which the clinical diagnosis is ruptured intervertebral dise and in which myelography fails 
to show a filling defect, the lesion, if present, will be found at the lumbosacral level® in 
almost every case. Therefore, this level should be explored first. At the Massachusetts 
General Hospital, pantopaque is the contrast medium in use at the present time, and it is 
used in practically every case preoperatively. It is injected, the roentgenographic examina- 
tion is completed, and the pantopaque is removed by aspiration at one sitting. Although 
the technique of pantopaque examination is exacting, it is not excessively difficult; and it 
causes only transient discomfort which is usually not severe. If the pantopaque is removed 
after the examination, there is no reason to fear late sequelae. Its diagnostic accuracy has 
been attested by numerous investigators*®, the roentgenographiec findings being positively 
correlated with the clinical findings in approximately 90 per cent. of the cases". 

There is and will continue to be a great deal of interest in the proper criteria for the 
selection of cases for conservative and for operative treatment. If the presumptive diag- 
nosis of ruptured intervertebral disc has been made by clinical examination, the surgeon 
must decide whether he is going to treat the patient conservatively or recommend operative 
removal of the protruded dise. The advantages and disadvantages of each type of treat- 
ment and the unique problems inherent in each individual case must be carefully con- 
sidered. Operative treatment should, as a rule, be reserved for those patients who have 
intractable pain in spite of adequate, conservative treatment, and for those who show evi- 
dence of moderate to severe nerve-root compression as indicated by muscle weakness or 
paralysis, anaesthesia, and sphincter disturbance. A third group in whom operative treat- 
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ment appears to be indicated are those who have recurring episodes of low-back and sciatic 
pain of such frequency and intensity as to reduce definitely the patient’s normal capacity 
for physical activity. 

As we all know, there are innumerable methods of conservative treatment for low-back 
and sciatie pain, whether due to ruptured dise or some other cause. We suffer from an 
embarrassment of riches and it is difficult, on rational grounds, to select the proper method 
of treatment. Any of the methods will give excellent results in certain cases, and will fail 
in others. During the acute attack of sciatic pain, complete bed rest, with the spine in the 
position of greatest comfort, is indicated. It has been the writer’s experience that these 
patients are most comfortable if the lumbar spine, hips, and knees are in the slightly flexed 
position. This position can easily be obtained by raising the head and the knee rest of the 
bed. The mattress should be firm. Adhesive strapping or a plaster jacket, applied with 
the lumbar spine slightly flexed, aids in immobilization. Adequate sedation, including 
morphine, in the acute phase is necessary to break the vicious cycle of pain and muscle 
spasm. After the acute attack has subsided, protection of the lumbar spine with a well- 
fitted corset or brace and retraining of the patient’s muscles to ensure good posture may 
be indicated. Certain patients, by avoiding activities which produce severe strain on the 
lumbar spine, are able to prevent recurring episodes of low-back and sciatie pain. In other 
instances, the most trivial type of activity will precipitete a recurrence. Although manipu- 
lative procedures at times result in dramatic improvement in the acute symptoms, it seems 
illogical to expect any manipulative procedure to return a ruptured dise permanently to 
its normal position, and manipulation under anaesthesia appears to carry too great a risk 
to warrant recommending it. There is, however, a middle course between radical and 
ultraconservative attitudes, which we should seek to follow. In most cases, a trial of 
conservative treatment is indicated. If it fails within a reasonable period, say six weeks, to 
produce definite improvement in the patient’s symptoms, operative treatment may be 
recommended with a clear conscience. 

Now let us consider for a few minutes the important question of whether or not the 
operative treatment of ruptured intervertebral dises should include fusion of the spine. 
All of us will agree that any spinal segment from which a ruptured intervertebral dise has 
been removed surgically is no longer mechanically and anatomically normal. Narrowing 
of the dise space, with subluxation of articular facets and impingement of the facets on the 
pedicles, occurs in some cases and may be the forerunner of traumatic hypertrophic changes 
and local spur formation. The intervertebral foramina may be narrowed. In any operation 
for the removal of the disc, the dense ligamentum flavum must be removed. This ligament 
is an important structure, which helps to prevent hyperflexion of the spine. In certain in- 
stances, the surgeon must, in exposing the lesion, remove some or all of an articular facet, 
which may result in weakening or traumatizing the facet. These theoretical and practical 
considerations lead us to expect, a priori, that, in a certain proportion of dise cases, back- 
ache or weakness of the back will develop or continue after operative removal of the dise. 
On theoretical grounds alone, it would seem that a local fusion of the vertebrae adjacent to 
the ruptured dise is indicated. However, certain neurosurgeons have stoutly maintained 
that results in operative cases without fusion are excellent, and that fusion is rarely, if 
ever, indicated. It seems probable that these men have been so impressed by the obvious 
relief of the patient’s acute sciatic pain that they have failed to look carefully for late 
evidence of a mechanically unsound back. There is no doubt that laminectomy without 
fusion gives excellent late end results, both as regards back symptoms and leg symptoms, 
in some of the eases. An analysis of our cases reported before The American Orthopaedic 
Association in 1940! shows that, of the patients with proved dise lesions who had had 
laminectomy with spine fusion, there was complete relief of sciatic pain in 91 per cent. and 
of back symptoms in 73 per cent. Of those patients who had had laminectomy without 
fusion, there was complete relief from sciatic pain in 69 per cent. and from back symptoms 
in 52 per cent. It was stated at that time that the series (94 cases) was too small to be 
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definitely significant statistically, but such evidence as we had then indicated that, in th, 
series of cases in which spine fusion was done, the end results appeared to be somewhat 
better than in the cases where fusion was not done. Five years have elapsed since that 
study was completed, and it seems to us that it is worth while to report briefly an end-resy}j 
study on a series of cases not reported previously. In February 1946, a questionnaire was 
sent to all of our patients who had been operated upon for ruptured dise in the years 1939 
to 1943, inclusive; each was asked to fill out the questionnaire and to return in person, jf 
possible, for a check-up clinical and roentgenographic examination. 

The questionnaire which each patient filled out and signed was designed to give ip. 
formation of a specific nature which could be subjected to statistical analysis. The records 
of all patients who replied were abstracted. The check-up examinations and the analysis 
of the data represent the cooperative efforts of several participants, with a real attempt 
to eliminate personal bias. The 234 cases (Table I) include 102 with spine fusion and 132 
without spine fusion. The questionnaire used is showfi here. 

SAMPLE QUESTIONNAIRE 
Dear 

We are checking up on the results obtained in the treatment of ruptured intervertebral disc, and 

should appreciate having your answers to the following questions: 


1. Do you have any back pain? If there is any pain, is it mild? Moderate? 
Severe? 

2. Does your back feel strong? Slightly weak? Moderately weak? 

3. Can you stoop, twist, and lift without back discomfort? If not, describe briefly. 

4. Do you have any pain in the leg? Any numbness? Any weakness? If so 


describe briefly. 
5. How soon after operation did your leg pain disappear? 
6. Are you able to do a full day’s work? If not, what is the reason? 
7. Have you been forced to change your work or give up athletics because of back or leg symp- 
toms? 
8. What is your present occupation? How soon after operation did you retum 
to work? 
9. Have you had any attacks of leg or back pain since your operation? If so, describe, giving 
dates and treatment. 
COMPARISON OF THE RESULTS IN CASES IN WHICH THE OPERATION INCLUDED 
SPINE FUSION AND THOSE WITHOUT FUSION, AS TABULATED FROM 
ANSWERS ON THE QUESTIONNAIRES RETURNED 


1. Do you have back pain? 


WirnHovut Fusion Wirn Fusion 

No. of Pe r No. of Pe r 

Cases Cent. Cases Cent. 

No back pain 59 45 61 60 
Mild or moderate pain ....... whan 60 45 31 30 
Severe pain _13 10 10 10 
132 100 102 100 

2. Does your back feel strong? 

Wirnout Fusion Wirnu Fusion 

No. of Pe r No. of Pe r 

Cases Cent. Cases Cent. 

Strong 49 37 59 58 
Slightly or moderately weak 72 55 32 31 
Very weak 11 8 5 5 

Not sufficient data er _6 
132 100 102 100 
3. Can you stoop, twist, and lift without back discomfort? 

WirnHovut Fusion Wirn Fusion 

No. of Per No. of Per 
Cases Cent. Cases Cent. 

Yes : 79 60 69 68 
No ; : 53 40 30 29 
Not sufficient data 3 _-= 
132 100 102 100 
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4. Do you have any pain in the leg? Any numbness? Any weakness? 





WirnHovut Fusion Wiru Fusion 
No. of Per No. of Per 
Case S Ce nt. Case 8 Ce nt. 
Leg Pain 
Yes 54 41 26 25 
No 77 58 74 73 
Not sufficient data 1 l 2 2 
132-100 102 100 
Leg Numbness 
Yes 61 46 39 38 
No 66 50 59 58 
Not sufficient data 5 4 4 4 
132 100 102 ~=—:100 
Leg Weakness 
Yes inst 41 31 13 13 
No 80 61 62 61 
Not sufficient data 11 Ss 27 26 
132 100 102 100 


5. How soon after operation did your leg pain disappear? 
The answer to this question varied, as might be expected, from 
pletely disappeared”. There was no apparent difference between the cases with fusion and those without 


“immediately” to “it has never com- 


fusion. 
6. Are you able to do a full day’s work? 
Wirnout Fusion With Fusion 
No. of P¢ r No. of Pe r 
Cases Cent. Cases Cent. 
Yes 83 63 64 63 
No 31 23 16 16 
Not sufficient data 18 14 22 21 
132 = 100 102 100 


7. Have you been forced to change your work or give up athletics? 





WirnHovut Fusion Wirth Fusion 
No. of Pe r No. of Pe r 
Cases Cent. Cases Cent. 
Yes 39 29 24 24 
No 79 60 49 48 
Not sufficient data 14 » 3 _29 _ 28 
132 100 102 100 


The answers to questions 8 and 9 were not tabulated statistically. 


A future detailed study of the causes of poor results and outright failures is planned. 
The results of the questionnaire as tabulated seem to indicate a modest but definite su- 
periority of the results in fused cases over the unfused ones, when consideration is given to 
the factors of back pain and weakness, leg pain and weakness, and return to the type of 
work performed before the disability. 

One patient, who had had a spine fusion, died of massive pulmonary embolism twenty- 
seven days after operation. There were no other deaths attributable to the operation in 
this series of 380 cases. 

Considerable pessimism has been expressed concerning the results of operation for 
ruptured intervertebral dise in industrial accident or compensation cases®. End results 
were available in twenty-four such cases in this series. Fifty per cent. of these patients 
had absolutely no complaints, and 71 per cent. were back at full work. It is difficult to 
ascertain all the factors which may be involved in the poor results reported from various 
sources. Some of them are: prolonged improper treatment or prolonged neglect, resulting 
in irreversible mental and physical deterioration; poor operative technique with unneces- 
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TABLE I 
FoLtow-Up Srupy * 


\ ne tes s ere ti er 
——, Number for Whom End Results Were Obtained 


Year Operated Upon ’ ’ sf 
apace ee Questionnaire Only | Questionnaire and Examination Potals 

1939 50 21 14 35 

1940 57 17 14 3 

1941 91 30 17 50 

1942 93 35 19 4 

1943 89 33 31 64 
Totals 380 139 95 234 


* The period of follow-up ranged from 2 to 7 years, with an average of 3.6 years 


sary weakening of the architecture of the spine; and poor postoperative management with 
neglect of proper rehabilitation. To the list of cases with poor treatment as the cause of 
failure, must be added a group of cases still carried as “ruptured dise” in spite of a negative 
exploration. 

It should also be frankly recognized that most of these industrial-accident patients 
are laborers who, in the course of their ordinary work, subject the back to excessive strain 
They cannot be expected to return to work after a dise operation in less than six months; 
and, among the older men who have arthritis or other complicating factors, a certain 
proportion will never return to full work. Certain others are poorly motivated, ignorant, 
and fearful. Psychoneurosis or constitutional inferiority states may produce a total failure 
in such men. However, proper selection of cases, proper diagnosis, and treatment give very 
satisfactory results in the majority of the cases, and the benefits of surgical treatment 
cannot be withheld from them. 

TABLE II 


ENp-ReEsutt Stupy IN COMPENSATION CASES 


Follow-Up * Back Pain Back Strength 


Years No. of Degree No. of Per Cent. Degree No ol Per Cent 
Cases Cases Cases 
7 3 None 12 50 Strong 12 50 
6 3 ( Mild or = ( Slight or ia 
5 4 ‘| moderate 9 38 moderate 9 a 
F | weakness 
4 5 Severe 3 12 Marked weakness 3 12 
3 6 
2 3 
Totals 24 24 100 24 100 


* Average time of follow-up was 5 years. 


Of the 24 patients, 15 (62 per cent.) had no residual leg pain. 
Answers to the question, “Are you able to do a full day’s work?”, were as follows: 


Yes 17 (71 per cent.) 





No 


Answers to the question, “Have you been forced to change your work or give up athletics?” 


as follows: 


7 (29 per cent.) 


Yes 9 (37 per cent.) 
No 13 (54 per cent.) 
No answer 2 ( 9 per cent.) 


Four patients (17 per cent. of the cases) did not return to work after the operation. 
Five patients (21 per cent. of the cases) had fusion operations. Of these, 3 are absolutely well; in 1 
the operation was a total failure; and 1 did not have spine fusion at the time of the original operation. 
Fusion was done later for a weak back. The final result in this case is not yet known. 
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My personal experience at the United States Naval Hospital at Bethesda, Maryland, 
where I was stationed for sixteen months, may be of interest. Before my arrival, surgeons 
of the Neurosurgical Department had been operating upon ruptured dises, without doing 
spine fusions, with reasonably satisfactory results; but they were not entirely satisfied 
with their results and they, therefore, requested the Orthopaedic Service to cooperate with 
them in doing a series of cases by the combined operation, the neurosurgeons continuing 
to make the exposure and to remove the ruptured dise, the orthopaedic surgeons fusing the 
spine and caring for the patient postoperatively. All of the patients with ruptured dises 
at Bethesda during the period from August 1944 to December 1945 had this combined 
operation. The fusion was done according to Bosworth’s technique, which will be described 
later. The graft was removed in some instances from the tibia; in others, from the ilium. 
The immediate convalescence in practically all cases was smooth and compared favorably 
with the cases done without spine fusion. Almost all of the officers were returned to full 
duty. As full duty for an enlisted man necessitated stooping, twisting, and lifting of heavy 
weights, it was deemed inadvisable in most instances to return the enlisted men to full 
duty. There was general agreement among the medical officers on the Neurosurgical and 
Orthopaedic Services that fusion by this technique did not unduly prolong convalescence, 
and that the early end results in the cases in which fusion was done compared favorably 
with a previous series of cases without fusion, cared for by the same surgeons. 

Several patients who had been operated upon elsewhere were seen; they had had rup- 
tured intervertebral discs removed and, at the time of operation, one of the articular facets 
had been sacrificed either wholly or in part. These patients had obtained relief from sciatic 
pain, but were totally disabled because of weakness and pain in the back. Spine fusion 
gave definite relief from their symptoms. In my opinion, any patient in whom a facetec- 
tomy has been done, either partial or complete, should have a spine fusion done at the 
same time. Unilateral facetectomy without fusion often produces severe, disabling 
symptoms. 

The present status of the controversy over fusion may be summarized as follows: 

There are valid theoretical considerations which indicate that any patient who has 
had a ruptured intervertebral dise removed cannot have a mechanically and anatomically 
normal spine at that level. End-result studies indicate that at least 50 per cent. of patients 
who have had a ruptured dise removed without spine fusion suffer to some degree from 
weakness or pain in the back. In some of these cases, the disability is severe and may, in 
fact, be completely incapacitating. Assuming that a technique of fusion can be developed 
which will not cause undue increase in operative risk or prolonged postoperative con- 
valescence, it appears logical that fusion should be done in practically all cases. 

Many types of arthrodesis are available, and any method will result in a reasonably 
high proportion of satisfactory fusion. A number of methods have been used in the eases 
reported from the Massachusetts General Hospital. Among the methods which have been 
tried are: (1) the Hibbs, (2) the Hibbs with the addition of an osteoperiosteal graft from 
the tibia, (3) a massive tibial graft, fixed to spinous processes by wiring, (4) an interbody 
fusion, and (5) the “clothespin” technique, as originally described by Gibson and subse- 
quently modified by Bosworth. Fusion of the two adjacent vertebral bodies would appear, 
on theoretical grounds, to be the most satisfactory type of fusion. Technically it is diffi- 
cult, however; and, after attempting it in a few cases, the author has abandoned it as 
being too dangerous. The double notched graft, described by Bosworth, which is placed 
between the spinous processes with the spine in flexion and which locks with the spine in 
extension, is now used. Although the bone for this graft can be removed from either the 
tibia or the ilium, the iliae graft recommended by Bosworth is superior; and, unless there 
is some contra-indication in an individual case, it is used routinely. 

The technique of the combined operation need not be described in detail here, but a 
few points warrant consideration. As the patient is operated upon while lying face down- 
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ward or turned slightly upon the unaffected side, it is important that the chest and abdom. 
inal respiratory excursion should be free and unrestricted. This may be ensured by placing 
a pillow crosswise at the pelvis and pillow rolls longitudinally beneath each shoulder, gp 
as to remove the pressure from the anterior chest wall. The choice of anaesthetic appears 
to be unimportant. The operation may be carried out under spinal anaesthesia, supple. 
mented by a second intraspinal injection toward the end of the operation, or under general 
anaesthesia. A routine blood transfusion helps to prevent shock. The fourth and fifth 
lumbar and the first sacral spinous processes and laminae are exposed by bilateral sub- 
periosteal dissection. The spinous process of the fifth lumbar vertebra is cut off at its base, 
and the ligamentum flavum is dissected off the laminae at the appropriate site. As a rule, 
it is necessary to sacrifice a moderate amount of the two adjacent laminae without cutting 
either lamina completely across. The removal of the protruding portion of the rup- 
tured dise usually presents no difficult problem. In order to prevent recurrence of pro- 
trusion at this same level, it is important to remove all remaining free portions of the 
nucleus pulposus. The sinus through which the ruptured portion of the dise has protruded 
should be enlarged sufficiently to allow the introduction of a pituitary rongeur, and re- 
peated attempts should be made to remove all loose fragments of disc tissue. A small 
curette on a long, thin handle, set at a moderate angle, is also helpful in removing addi- 
tional bits of loose dise tissue. Too vigorous or injudicious curettage of the intervertebral 
space is potentially dangerous and appears to be unnecessary. 

Many surgeons routinely explore the lower two interspaces in every case. If an un- 
doubted rupture, sufficient in size and location to have caused the patient’s symptoms, is 
exposed and removed at one interspace, it would seem unnecessary to explore the other 
interspace routinely. After removal of the ruptured dise and adequate hemostasis, spine 
fusion is done. The technique now used by the writer varies in no essential detail from 
that described by Bosworth. The base of the first sacral and the fourth lumbar spinous 
processes are undercut to receive the graft. By means of a curved osteotome, cutting 
through the posterior margin of the articular facets on each side, the posterior surfaces of 
the laminae of the fourth and fifth lumbar and first sacral segments are turned back. 
Through a second curved incision along the posterior half of the crest of the ilium, extend- 
ing downward just lateral to the posterosuperior spine, the outer table of the ilium is 
exposed by subperiosteal dissection. By means of osteotomes, a graft of suitable size is 
removed from the outer table of the ilium, just below the crest. In addition to the graft, 
long shavings of cancellous bone are removed from the ilium by a small hand gouge. The 
iliac graft is carefully notched at each end, and is inserted, medullary surface anterior, 
between the spinous processes of the fourth lumbar and the first sacral segment, with the 
patient’s spine in the acutely flexed position. The operative table is then extended and, as 
the spine comes into the straight position, the graft is securely locked between the spinous 
processes. If it has been carefully fitted, it will be found to be held firmly in place, and 
vannot be displaced even on vigorous attempts. The additional grafts of cancellous bone 
are packed along the edges of the iliac graft, and the wounds are closed in the usual fashion. 
A plaster-of-Paris splint or a previously prepared jacket may be used to immobilize the 
spine postoperatively; but we have found that a simple canvas corset with re-enforcing 
steels in its posterior portion, which can be bent to follow the contour of the back, is very 
comfortable and gives adequate postoperative immobilization. The patient is kept flat in 
bed for three weeks after operation. He is turned regularly from side to side, and is allowed 
to lie for part of the time on his face. After the first week, bed exercises are begun to keep 
the muscles of the trunk and extremities in good tone. At the end of three weeks, the 
patient is allowed to be up, with the lumbar spine immobilized by a properly fitted back 
brace. It is important to maintain the lumbar spine in full extension at all times. Standing 
and walking probably cause less discomfort and strain on the lumbar spine than does 
sitting. Practically all patients are ambulatory and have been discharged from the hospital 
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within four weeks of the time of operation. The back brace is worn from four to six months 
after operation. The patient is allowed to resume all activity, including strenuous athletics, 
six months after operation. 


SUMMARY AND CONCLUSIONS 


Within the past fifteen years the medical profession has recognized the existence of a 
syndrome characterized by low-back and sciatic pain, due to protrusion of a ruptured 
intervertebral dise with pressure on one or more roots of the lumbosacral plexus. The 
clinical diagnosis in the typical case presents no particular problem. The localization of 
the lesion by contrast myelography and the technique of its removal by partial laminec- 
tomy have become standard procedures. It appears probable that the trend is toward 
fusion of the spine, at the time of laminectomy, in an increasing number of these cases. 
The thesis that every patient should have a spine fusion done at the time of laminectomy 
is tenable. As operative technique improves, the difficulties of the combined operation tend 
to disappear, and it seems probable that the combined operation will, in the near future, 
be the operation of choice for the majority of patients. 

There is every reason to maintain a conservative attitude toward the operative re- 
moval of ruptured intervertebral discs. An operation of this magnitude is not without 
some risk, and it is not invariably successful. The conscientious surgeon and the average 
patient will be much happier to have tried conservative treatment for a period of time 
before resorting to operative interference. The principles of rest and immobilization, 
adequate sedation during the acute phase of the process, followed by protection of the low 
back from undue strain, and postural rehabilitation appear to be the essential parts of a 
conservative regimen. 

Nore: All of the members of the Orthopaedic and Neurological Services of the Massachusetts 


General Hospital have cooperated in this end-result study. W. J. Mixter, M.D., Charles 8. Kubik, M.D., 
and Carroll Larson, M.D., have given valuable assistance to the author. 
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THE DISC FACTOR IN LOW-BACK PAIN WITH OR WITHOUT SCIATICA* 


BY J. GRAFTON LOVE, M.D., ROCHESTER, MINNESOTA 


/ 


From the Section on Neurological Surgery, Mayo Clinic, Rochest 


At the outset, let us assume that the protrusion of an intervertebral dise is a generally 
accepted anatomical, clinical, and pathological entity. It is true, however, that some men 
of excellent reputation wish to have little to do with such a condition, if, in fact, they even 
acknowledge the existence of such a lesion. The literature to date and the acceptance of 
protruded dises as a frequent cause of intractable low-back pain and sciatic pain by out- 
standing orthopaedie surgeons, neurologists, roentgenologists, and neurosurgeons would 
seem to establish definitely the validity of the lesion, as would also the thousands of pa- 
tients who have been relieved of intense suffering after removal of the offending cartilage. 


DIAGNOSIS OF PROTRUDED INTERVERTEBRAL DISC 


The most important part in the successful handling of protruded intervertebral dises 
is their accurate diagnosis. As with most pathological lesions, experience is the best 
teacher; but the accumulated recorded experiences of those who have helped establish the 
dise syndrome should serve to lead anyone interested in the problem in the right direction 
and to minimize the percentage of false diagnoses!:*.5.6.7,8,11,12,13,14,15,16 | 
History 

A careful history of the patient’s disability is oftentimes sufficient to warrant a pre- 
sumptive diagnosis. The onset of trouble most often dates back to an injury to the lower 
part of the back. The injury may have been considered trivial, and often the patient may 
not have bothered to report it to his foreman or insurance company. Even if he is in- 

vapacitated, the period of incapacity frequently is short. However, subsequently, with or 
without further undue stress or strain to the back, recurrent attacks of more or less 
disabling backache occur, followed by extension of pain to the gluteal region and down- 
ward along the course of the sciatic nerve. The pain is typically of the nerve-root type. 
Rest in bed will often relieve it, but about a fourth of the patients have pain at night which 
awakens them from sleep and causes them to sit up or to walk the floor, to obtain any relief. 

If the fragmented protruding dise remains in the mid-line and does not involve the 
nerve roots going to the lower extremities, there may be no sciatic pain or scoliosis. If the 
fragment of dise is small and shifts from side to side under the firm mid-portion of the 
posterior longitudinal ligament, then there may be alternating scoliosis without sciatic 
pain. If the mid-line protrusion of cartilage is large, there usually is backache plus alter- 
nating scoliosis and sciatic pain. This syndrome we have come to recognize. When the 
patient is disrobed, with the examiner sitting or standing behind him, the spinal column 
goes through a corkscrew type of motion, if the patient is asked to bend forward from his 
hips with his knees straight. 

ven the more frequently encountered lateral dise protrusions with low-back pain 
and unilateral sciatic pain produce recurring backache for a long time before the onset of 
true sciatic pain. The author believes that this is due to stretching of the posterior longi- 
tudinal ligament without compression of the roots of the sciatic nerve. When the frag- 
mented cartilage breaks through the posterior longitudinal ligament and actually comes 
into contact with the nerve root, the production of pain is the same as occurs in the pres- 
ence of neoplastic compression. Without actual rupture of the posterior longitudinal liga- 
ment, the protruded intervertebral disc can compress and irritate the nerve root. As a 

* Read at the Annual Meeting of The American Orthopaedic Association, Hot Springs, Virginia, 
June 27, 1946. 
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result of compression by fragments of the dise, the nerve root becomes oedematous and 
enlarged, and ultimately adheres to the posterior longitudinal ligament and the protruded 
disc. The extradural vessels become engorged and contribute further to compression and 
irritation of the root. Removal of a protruded intervertebral dise with relief of low-back 
pain and sciatic pain has been performed on more than one patient who previously had 
been operated upon elsewhere, after a diagnosis of angioma of the root or spinal cord, 
because of this extradural congestion. True angioma of the spinal cord is very rare, yet 
extradural congestion and enlargement of vessels associated with protruded intervertebral 
dises are common. 

After the stage of nerve-root compression and irritation, the ligamentum flavum be- 
comes thickened and fibrotic®, probably as a result of altered body mechanics (that is, 
scoliosis, loss of normal lumbar lordosis, and the like). This thickened ligament, lying as 
it does posterior to the nerve root and filling the space between the adjacent laminae, fur- 
ther encroaches upon the spinal canal and compresses the enlarged hyperirritable nerve 


root. 


Physical Examination 

The physical examination is second only to the history in helping to arrive at a 
diagnosis. The patient should be examined while disrobed, in a well-lighted room, and his 
gait should be observed very carefully. Any patient who has a protruded intervertebral 
dise and is not paralyzed—no matter how great the pain—should be able to stand beside 
his bed so that his posture can be observed. The patient usually guards his spinal motions, 
and frequently walks with a limp and with a list of the trunk, either away from or toward 
the painful side. The back usually is flattened, with loss of normal lumbar lordosis, and 
the erector spinae muscles are in spasm. All motions of the lower part of the back may be 
limited; lateral bending in the direction of the list is usually greater than toward the 
opposite side; and hyperextension is painful. This latter motion, if forced, may even cause 
the patient to collapse. Usually there is local tenderness in the region of the spinous proc- 
esses of the fourth and fifth lumbar vertebrae. The result of the straight-leg-raising test 
is almost always positive on the side on which pain occurs and, when the opposite extrem- 
ity is elevated in cases of unilateral sciatic pain, the extent of motion is at times limited, 
with reference of pain to the involved opposite member. Kernig’s sign is usually elicited. 

In the vast majority of cases, a diagnosis of protruded intervertebral dise can be made 
or ruled out by this time, but a neurological examination also should be made 


Neurological Examination 

The neurological observations'’, in cases of lumbar protruded intervertebral dise not 
complicated by paraplegia, usually are minimum; they consist, in the main, of diminution 
or absence of the Achilles reflex, with or without slight sensory changes in the skin of the 
outer side of the leg and the outer and upper surfaces of the foot. Loss of motor power is 
infrequent, although some degree of atrophy of the calf muscles is not uncommon. Ocea- 
sionally, complete foot-drop is seen, resulting from a lesion involving one nerve root. There 
is so much variation in the formation of the lumbosacral plexus and the lower part of the 
back that space-taking lesions cannot be localized consistently in this region by the 
neurological method. Frequently, the Achilles reflex is absent when protrusion of the 
fourth lumbar dise has occurred, and often it is present when protrusion of the fifth dise 
has been sustained. Protruded dises are often seen in patients who have four or six lumbar 
vertebrae and consequently only four lumbar dises or, in the latter case, an extra lumbar 
dise. Similarly, intraspinal neoplasms sometimes give the same neurological picture as 
protruded intervertebral discs. In one case, that of a woman who had suffered low-back 
pain and left sciatic pain intermittently for six years, two neurofibromata were removed 
from one nerve root opposite the second lumbar vertebra. The left ankle jerk was absent, 
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and she had hypalgesia in the first sacral dermatome. If a myelogram had not revealed the 
two tumors, she would have been operated upon for protrusion of the lumbosacral dise!, 

It has been contended by some that protruded intervertebral dises not only can be 
diagnosed by neurological methods, but that they can be accurately localized by deter- 
mination of the dermatome involved. The author believes that many protruded dises 
‘rannot be localized by neurological methods. The following case is representative of many 
in which the neurological observations were misleading. 

The patient, a white man of forty-one, was referred to the Clinic for relief of recurring low-back 
pain and right sciatic pain which had had its onset twenty-three years before. The patient had typical 
“first-sacral analgesia”, which ordinarily would indicate a protrusion of the lumbosacral interspace. How- 
ever, at operation, the lumbosacral disc was found to be normal and there was a typical protrusion of the 
fourth lumbar disc. The protrusion of the fourth lumbar dise was removed, and the patient was relieved 
of his pain. After operation, the analgesia in the area of distribution of the first sacral segment dis- 
appeared. 


That a protruded intervertebral dise in the lower part of the lumbar region can com- 
press the cauda equina sufficiently to produce ascending oedema of the cauda equina, with 
a dermatome level much higher than the actual site of the lesion, has been seen on many 
occasions. The following case illustrates this point. 

A white man of thirty-five years was referred to the Mayo Clinic because of low-back pain and left 
sciatic pain. This man had sustained multiple injuries to his back, the first injury occurring twenty-two 
years before. Four years prior to his coming to the Clinic, a diagnosis of protruded disc had been made, 
but this had been denied by another physician, who had carried out a fasciotomy. 

On neurological examination, the reflex of the left Achilles tendon was absent, the patellar reflex was 
decreased, and Kernig’s sign and Laségue’s sign were elicited on the left. There was marked weakness on 
extension of the toes on the left, paraesthesia and decreased sensation of pain in the second-lumbar 
dermatome, and hyperaesthesia in the outer aspect of the calf and dorsum of the foot. There was also 
some atrophy of the muscles of the calf. 

On the basis of the neurological examination, multiple protrusions of intervertebral discs were 
suspected. A roentgenogram of the spine showed a deformity in the air shadow opposite the fourth and 
fifth lumbar interspaces, consistent with a protruded intervertebral disc. The total protein in the 
cerebrospinal fluid was twenty milligrams per 100 cubic centimeters. 

At operation the third, fourth, and fifth lumbar discs were explored. There was a classic protrusion 
of the lumbosacral disc on the left side. No lesion was present at the third and fourth interspaces. 
Postoperative examination showed that all of the patient’s numbness had disappeared, except for slight 
paraesthesia around the left heel. 

One of the first patients with a protruded dise seen by the author was a woman who 
had a large protrusion of the fourth lumbar disc, with paralysis of both lower extremities, 
bowels, and bladder, and a sensory level at the fifth-lumbar dermatome. Neurologically, 
it could not be determined with certainty whether the lesion was a neoplasm within the 
conus medullaris or an extramedullary lesion, compressing the cauda equina at a lower 
level. After removal of the protruded disc, the patient made a complete recovery. 


Roentgenographic Examination 

All patients who have intractable low-back pain and sciatic pain and all patients with 
evidence of nerve-root involvement should have roentgenograms of the appropriate portion 
of the spinal column before surgical intervention is undertaken, no matter how obvious 
the diagnosis seems to be. 

A diagnosis of protruded intervertebral dise should not be made on the basis of a 
roentgenogram alone; but many other conditions which might produce a similar symptom 
complex may be excluded, or their presence may first be detected, by means of roent- 
genograms. 


Examination of Cerebrospinal Fluid 
All patients who are having enough trouble to warrant surgical operations on their 
backs should undergo lumbar puncture and should have the cerebrospinal fluid examined. 
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Protruded dises rarely produce subarachnoid block, so that, if a block is found, other 
lesions, particularly neoplasms, immediately come into the differential diagnosis. In about 
two thirds of the cases of protruded intervertebral dises, the protein content will be forty 
milligrams or more per 100 cubic centimeters. A value for protein in the cerebrospinal fluid 
of more than 100 milligrams per 100 cubic centimeters usually means that a neoplasm, 
rather than a protruded intervertebral disc, is present'®. In the presence of an unusually 
large protrusion, complete subarachnoid block, with a high protein content in the cerebro- 
spinal fluid, may be found. In such cases the patient is paralyzed, and usually the paralysis 
was of sudden onset. 


Use of Contrast Media in the Subarachnoid Space 

If errors in diagnosis are to be kept to a minimum and the operative procedure best 
suited to the individual case is to be employed (both of which are necessary for the best 
end results), the lumbar portion of the spinal canal should be visualized prior to the opera- 
tive removal of a protruded intervertebral disc. The oldest and most satisfactory method 
is to introduce radiopaque oil (lipiodol) into the subarachnoid space. This method is the 
most nearly accurate; in experienced hands, few protruded intervertebral dises should be 
missed and false positives should be infrequent. The introduction of air or oxygen into 
the subarachnoid space (a method which the author uses almost exclusively) is by no 
means so accurate as the use of lipiodol in delineating intraspinal space-taking lesions, but 
the roentgenogram, when interpreted in the light of the history and other observations, 
serves admirably in the diagnosis of protruded intervertebral discs. 

The value of pantopaque myelography lies somewhere between that of lipiodol and 
air. The author’s limited experience with pantopaque suggests that the percentage of error 
is much greater in the negatives and false positives than it is when lipiodol is employed. 
Both lipiodol and pantopaque, if used intraspinally, should be removed later. Pantopaque 
lends itself much better to aspiration than does lipiodol. Air and oxygen are absorbed and 
leave no opaque substance which may be seen in subsequent roentgenograms'®. 


INTRASPINAL LESIONS, OTHER THAN PROTRUDED DISCS, CAUSING SCIATIC PAIN 


A protruded intervertebral dise is the commonest intraspinal lesion that produces 
sciatic pain. Hypertrophic arthritis, spondylolisthesis, spondylolysis, old fractures and 
dislocations, tumors of the spinal cord and nerve roots, metastatic bone lesions, tuberculosis 
of the spinal column, and thickening and fibrosis of the ligamenta flava also produce sciatic 
pain; but the frequency with which operative interference is necessary in this miscellaneous 
group of conditions is small in comparison to that for protruded intervertebral disc. 

In distinguishing the many lesions that may deform the roentgenographie shadow in 
myelograms, certain well-known criteria are available. For instance, the intervertebral 
dises are anterior to the dural sac, and protrusions of dises usually produce, in the roent- 
genograms, an anterior extradural type of defect, opposite the space between the two 
vertebral bodies. Since the ligamenta flava are posterior and lateral to the dura mater, 
thickening and fibrosis of these structures usually produce a lateral or bilateral type of 
constriction of the contrast medium at the interlaminal interspace. Tumors of the spinal 
cord are always intradural and those of the nerve roots are chiefly so; and defects due to 
such lesions are more likely to be opposite the vertebral bodies, even though the shadow 
of the lesion may extend to or across the interspace. The deformity in the myelogram, 
produced by spondylolisthesis of Grade 2 or more, is oftentimes indistinguishable from 
that produced by a protruded intervertebral dise. 

The occurrence of a protruded intervertebral dise in association with spondylolisthesis 
has, in our experience, been uncommon; and the differential diagnosis prior to surgical 
exploration has been extremely difficult to make. 

It seems unwise to advise an operation for an intraspinal lesion on the basis of roent- 
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genographic observations alone. If there is a question as to the diagnosis of an intraspinal] 
lesion, it is preferable to rely upon the history and physical examination rather than upon 
the roentgenographie findings. 

Certainly, the value of roentgenography is not to be minimized, and frequently em- 
phasis is placed on its negative value. That is, in a given case of low-back pain and sciatie 
pain with objective root characteristics, a negative roentgenogram of the spine is of great 
value, for it will exclude a neoplasm or other lesion situated above the fourth lumbar 
interspace. Operation may then be justified through a short incision, limited to the fourth 
and fifth lumbar interspaces, with a certainty of almost 100 per cent. that a protruded 
intervertebral dise will be found to be the cause of the disability. Without such visual aid, 
interpreted in the light of the history, physical and neurological examinations, and ex- 
amination of the cerebrospinal fluid, error is likely to be great?®. 

Rarely, tuberculosis at the lumbosacral space will give the classical pieture—clini- 
cally, roentgenographically, and at the operating table—of a protruded intervertebral dise, 
If the dura mater is kept intact and the abscess is opened, no great harm is done; but if 
the meninges have been opened, tuberculous meningitis is likely to ensue. 


THERAPY 

Surgical Operation 

All patients who have low-back pain and sciatic pain do not require operation. The 
patient, however, who is having sufficient pain and disability to interfere with his work, 
his hobbies, or his recreational activities deserves serious consideration. If, in spite of a 
well-planned and well-executed course of conservative therapy, the condition of the patient 
becomes worse, if he is unable to carry on his usual activities, or if muscle atrophy or 
neurological signs develop, then further investigation, with the idea of some surgical 
procedure in mind, is in order. 


Operation of Choice 

The operation which disturbs the body least and restores the structures most nearly 
to their normal condition is the operation of choice. In the vast majority of cases, the 
removal of a protruded intervertebral disc is a relatively simple surgical procedure, but 
sometimes it becomes an operation of considerable magnitude. 

Adequate exposure is essential, but it is not necessary to sacrifice facets and to do 
extensive laminectomy, in the vast majority of cases. Patients who have unilateral sciatie 
pain, due to a protrusion at the fourth or fifth lumbar interspace, usually require unilateral 
reflection of the erector spinae at the level of protrusion. When the ligamentum flavum is 
resected, there usually is sufficient room in which to remove the protruded intervertebral 
dise without the sacrifice of any bone®. The involved nerve root is retracted between the 
laminae, and the fragmented dise tissue is removed. In protrusions at higher levels, or 
when there is marked narrowing of the interlaminal space, the margins of the laminae 
must be removed. In cases of bilateral sciatic involvement and those of backache only— 
usually due to mid-line protrusions—it is often necessary to shear off a portion of the 
adjacent spinous processes and of the laminae, and to remove the ligamentum flavum 
bilaterally, as well as the interspinous ligament, in order to obtain adequate exposure and 
to avoid trauma to the cauda equina while the protruded fibrocartilage is being removed. 
At the Mayo Clinic the entire dise is not removed. 


Fusion 

At the Mayo Clinic, when a “combined operation” is performed in conjunction with 
an orthopaedic surgeon, a tibial graft is employed, which is placed posteriorly, in contact 
with the laminae and spinous processes of the adjacent vertebrae. Regardless of whether 
the protruded intervertebral disc is at the fourth or fifth lumbar interspace, the ortho- 
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paedic surgeon usually fuses the last two lumbar vertebrae to the first two sacral segments. 

Some orthopaedic surgeons have contended that, even if a protruded intervertebral 
dise were present, a fusion operation would relieve low-back pain and sciatic pain. Some 
lumbosacral protrusions—possibly even some at the fourth lumbar interspace—undoubt- 
edly have been cured by a massive bone graft, applied to support the interspace at which 
the protrusion had occurred. This is not inconsistent with our conception of the patho- 
logical appearance and pathogenesis of protruded intervertebral dises, for the protruded 
fragment of dise is often very oedematous, and the compressed nerve root usually is 
enlarged and oedematous at the time of operation for the removal of a protruded disc’. 
Likewise, the extradural vessels about the nerve root usually are congested at the time of 
operation. If the interspace is sufficiently splinted and the patient remains in the hospital 
for a sufficient time after application of the bone graft, the oedema of the protruded 
artilage and the nerve root, and the congestion of the extradural vessels may subside 
sufficiently to relieve the nerve root of compression. Patients have required operative 
intervention, however, with removal of a protruded dise from beneath the bone graft 
which had previously been applied. The following case is representative. 

A patient was operated upon at the Mayo Clinic on January 23, 1942, at which time, because of a 
diagnosis of lumbosacral arthritis, she underwent application of a bilateral massive bone graft, which 
extended on each side of the spinous processes from the laminae of the fourth lumbar vertebra down to 
and including the upper two sacral segments. 

The patient required another operation on February 19, 1945, because relief had not been obtained 
and because at that time she was experiencing, in addition to low-back pain, bilateral sciatic pain. The 
third, fourth, and fifth lumbar discs were explored, and typical protrusion was found at the fourth lumbar 
interspace. The protrusion was in the mid-line and was irritating the nerve roots on both sides 


RECURRENCE OF PROTRUDED INTERVERTEBRAL DISCS 


At least three months should be set aside for convalescence and reconditioning of the 
muscles of the back. After removal of a protruded intervertebral disc, recurrence can take 
place; but, fortunately, recurrent protrusions are not common. There is, as far as the 
author knows, no absolute way to prevent a recurrence at the same site or the occurrence 
of another protrusion at a different interspace. When a patient has recurrent nerve-root 
symptoms after removal of a protruded intervertebral disc, usually there is further pro- 
trusion of fibrocartilage from the same interspace; rarely, another dise is involved. Sev- 
eral surgeons have recommended the removal of the entire dise to avoid recurrence. Even 
if this were possible, it would be fraught with grave dangers in the hands of the surgeon 
who performs this operation only occasionally. 

Some orthopaedic surgeons have expressed the opinion that all patients who undergo 


TABLE I 


DISTRIBUTION ACCORDING TO AGE AND SEX IN 1,217 Patients Opreratep Upon ror Prorrupep 
INTERVERTEBRAL Disc FROM 1939 To 1941, INCLUSIVE 


\ Total Patients Males Females 
Age 
(Years) Number Per Cent. Number Per Cent Number Per Cent 
10 to 19 25 2.1 20 2.3 5 14 
20 to 29 198 16.3 137 16.1 61 168 
30 to 39 430 35.3 301 35.2 129 35.5 
10 to 49 371 30.5 252 29.5 119 32.8 
50 to 59 160 13.1 118 13.8 12 11.6 
60 to 69 33 2.7 26 3.1 7 19 
Totals 1,217 100 854 100 363 100 
Averages 39.4 years 39.4 vears 39 2 years 
(16 to 68 vears) (16 to 68 vears) (16 to 67 vears) 
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removal of a protruded intervertebral dise should also undergo a fusion operation at the 
same time. Some surgeons feel that the combined operation would give added stability to 
the back; others undoubtedly feel that recurrent protrusions would thereby be avoided, 
In 1942, Ghormley, Love, and Young stated: “As far as we know, protruded intervertebral] 
disks have not recurred after fusion . . .” Since that paper was published, experience has 
proved that the placing of a bone graft for fusion purposes does not, in all cases, prevent 
recurrence beneath the graft. Two such patients have been seen recently ; one was operated 
upon in the Mayo Clinic and the other was operated upon elsewhere. Recurrent symptoms 
from a protruded intervertebral disc have been seen at the third lumbar interspace (an 
infrequent site of protrusion) after fusion of the fourth and fifth lumbar vertebrae to the 
sacrum, combined with removal of the more typical protrusion in the low lumbar area, 
One wonders whether or not fusion of the lumbosacral region caused more stress to be 
applied at the interspace just above the upper end of the graft, with resultant protrusion, 
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The percentage rate of recurrence of protruded intervertebral discs, up to five years after 
operation, among males and females and for the total series of patients. 

When there are definite indications for bone-grafting, and no definite contra-indica- 
tions (secondary operation in the presence of infection, for instance) this operation should 
be done; but routine bone-grafting is not justified in the light of the author’s experience 
up to the present. 


FOLLOW-UP STUDY OF 1,217 PATIENTS OPERATED UPON FOR PROTRUDED 
INTERVERTEBRAL DISCS IN 1939, 1940, AND 1941 


The foregoing portion of this paper is based largely on the author’s experience and 
opinion, with which the other members of the Neurosurgical Section may or may not agree. 
The analytical report that follows is based on a study of the records of 1,217 patients, 
operated upon because of protruded intervertebral dises by all the surgeons in the Section 
on Neurological Surgery of the Mayo Clinic during 1939, 1940, and 1941. Those patients 
who underwent a “combined operation” were operated upon by a neurosurgeon and one 
of the members of the Section on Orthopaedics. The statistics, based on the study of a 
composite group of cases, were compiled by the Division of Biometry and Medical Sta- 
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TABLE II 
ANALYSIS OF ACCUMULATIVE RECURRENCE Rates, ACCORDING TO SEX, IN 
Cases OF ProtrupED INTERVERTEBRAL Disc 


_ ™ Accumulative Recurrence Rates * 
rime Since 


First Operation Total Series Males Females 
(Years) (Per Cent.) (Per Cent.) (Per Cent.) 
1 0 0 0 
2 0.2 0.2 03 
3 0.5 0.6 0.3 
4 1.9 2.1 1.6 
5 5.2 58 38 


* The curves given in Figure 1 were prepared from these percentages. 


TABLE III 


ANALYSIS OF ACCUMULATIVE RECURRENCE Rates, AccorpING To AGE Groups, 
IN Cases OF Protrupep INTERVERTEBRAL Disc 


Accumulative Recurrence Rates, Expressed in 


Time Since Percentages, According to Age 
First Operation j 
(Years) 20 to 29 30 to 39 40 to 49 50 to 59 
Years Years Years Years 
1 0 0 0 0 
2 13 0 0 0 
3 2.0 0.3 0 0 
4 3.6 18 12 09 
5 8.2 5.1 44 4.2 


tistics of the Mayo Clinic, under the direction of Robert P. Gage. With four or more 
neurosurgeons operating, there were, of course, variations in the technique as to myelog- 
raphy, operative removal of the protruded disc, and postoperative care of the patient. 

Of the 1,217 patients operated upon for protruded intervertebral dises during the 
years 1939 to 1941, inclusive, three died in the hospital,—a fatality rate of 0.25 per cent. 
Among these patients, 854, or 70 per cent., were males, and 363, or 30 per cent., were 
females. The distribution according to age and sex is given in Table I. One hundred and 
forty-eight patients had undergone a “combined operation” originally; this group con- 
stituted 12.2 per cent. of the total series. 

Of the 1,217 patients, 987, or 81 per cent., were traced either by questionnaire or by 
interview during a recent visit to the Clinic. Answers to questionnaires are not the best 
means of evaluating the results accurately, but they do have value, in the absence of 
individual re-examination, for such a large series of patients who were literally scattered 
throughout the world (as a result of World War II) at the time of this follow-up study. 

The patients were asked: “Have you been relieved of the pain for which your opera- 
tion was performed?” Among those who had had a protruded intervertebral dise removed, 
but had not undergone the fusion operation, 53.7 per cent. answered “yes”; 36.7 per cent. 
said they had obtained partial relief. Thus, the percentage of those benefited is 90.4, 
whereas 9.6 per cent. said they had obtained no benefit from the operation. 

The patients were asked if they had any pain in their backs or legs. Of those who had 
undergone simple removal of protruded dises, 38.5 per eent. answered “yes” in relation to 
the back, and 34.5 per cent. answered “yes” in relation to the leg. 

The patients were asked if they were able to do the same work they had done before 
the dise protruded. Of those who had undergone simple removal of a protruded disc, 64.4 
per cent. answered “yes”. When the patients were asked: “Do you think the removal of 
the protruded dise was worth while?”, 93.0 per cent. answered “yes”. 
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In the group of cases studied, forty-seven patients had recurrent* protruded dises: 
forty-five of these patients had undergone the original operation at the Mayo Clinic and 
two had been operated upon elsewhere. Accumulative recurrence rates, percentages, and 
analyses according to sex and age are shown in Tables II and III and in Figure 1. Of the 
forty-seven patients who had recurrent protruded dises, twenty-four, or 51 per cent., also 
underwent the fusion procedure at the second operation, when the protruded dise was 
removed, 

Sixteen of these patients subsequently were operated upon elsewhere. Seven under- 
went the fusion operation; of these seven, one stated that he was “no better’, one was 
receiving shock treatments for a nervous disturbance, and a third was “still lame”. Six of 
the sixteen patients who subsequently were operated upon elsewhere had one or more 
protruded dises removed, after having undergone removal of a protruded intervertebral 
dise at the Mayo Clinic. One patient said that “adhesions” had been found at his sub- 
sequent operation, and that he was still having pain. One patient was operated upon while 
in another country, because of pain for which no cause was found and for which no relief 
was obtained. One patient was “reoperated”’ upon, but the observations were not reported 
The reports for these sixteen cases are not very enlightening. They serve only to indicate 
that the discomfort was not relieved and that the patients were willing to undergo addi- 
tional surgical procedures with the hope of obtaining relief. 

The results obtained are not so good as we should like. That is, we should like to be 
able to report a higher percentage of complete relief five years after removal of a protruded 
intervertebral dise. We do, however, consider the results satisfactory. With greater 
knowledge today, we can more satisfactorily select those patients who require surgical 
intervention and can apply the type of surgical treatment that is best suited to the par- 
ticular condition. Therefore, better results are anticipated in the future. There will always 
be some patients, however, who fail to obtain complete relief from the measures under 
consideration. Backache is one of the commonest complaints of man, and since it is at 
times very difficult for the physician to determine cause and effect, how much more difficult 
it must be for the layman to determine whether his backache is caused by a protruded 
intervertebral disc, or by fatigue or other factors. 
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* Further protrusion of dise substance at the same space at which the original protrusion had occurred. 
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PATHOLOGICAL STUDIES OF INTERVERTEBRAL DISCS * 


BY CHARLES ECKERT, M.D., AND ALFRED DECKER, M.D., ST. LOUIS, MISSOURI 


From the De partment of Surgery, Washington University School of Medicine, 
and Barnes Hospital, St. Louis 


The study of pathological material removed at operation on the intervertebral dise 
has revealed certain lapses in our knowledge of this subject. The relation of the gross 
appearance of the dise at the time of operation to many obviously pathological microscopic 
findings was not clear. Furthermore, there existed considerable doubt as to the prognostic 
significance of these pathological findings. With the above questions in mind, the present 
study was conducted. 

The intervertebral dise is a dynamic structure, subject to considerable stress and strain 
during ordinary activities, which undergoes definite anatomical changes from the time of 
birth until senescence? *-?.!7.18,19,21, Physiological changes as well as pathological findings 
in intervertebral dises have been described by many observers!!! ' 1712! since the 
pioneer studies of Schmorl at Dresden reawakened modern interest In this subject. How- 
ever, microscopic findings in dise tissue removed at operation have been reported only by 
Deucher and Love; in their excellent monograph, Bradford and Spurling pay but secant 
attention to this subject. Therefore it seemed expedient to report our findings on a series 
of specimens which had been removed at operation. 

* Read at the Annual Meeting of The American Orthopaedic Association, Hot Springs, Virginia, 
June 27, 1946. 
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TABLE I 


LESIONS OF CARTILAGE PLATE IN ContTROL SPECIMENS 


Nuclear Schmorl’s 
Decade Extension Nodes Vascularization 
Second 0 0 0 
Third 0 0 0 
Fourth 4 2 2 
Fifth 3 1 0 
Sixth 5 1 0 
Seventh 4 2 2 


METHOD AND MATERIAL 


For the purposes of the present study 182 discs, removed from 166 patients, were 
examined. All material was fixed in 10 per cent. formalin; sections were cut from paraffin 
blocks and stained with hematoxylin and eosin, and with Capri blue. Capri blue is a 
metachromic dye which stains collagen and connective-tissue mucin an intense blue, and 
brings out fibrillar structure in considerable detail. For purposes of control, forty dises, 
removed completely with their adjacent vertebral bodies, were obtained from the fifth 
lumbar, first-sacral level of cases upon which autopsies had been done. These specimens 
were removed from individuals of various ages with apparently normal backs. They were 
also fixed in formalin before sections were taken in the mid-sagittal plane. Examinations 
were then made of the gross specimen and of microscopic sections, by the staining tech- 
niques just mentioned. Follow-up studies of the surgical cases were conducted by mail, 
with a questionnaire designed to obtain the desired information as completely as possible. 
In many cases a letter accompanied the returned form. 


CONTROL STUDIES 


The intervertebral dise is composed of three essential interrelated components,—the 
cartilage plate, the annulus fibrosus, and the nucleus pulposus. Pathological changes in 
one will inevitably be reflected by changes in the others*. Since they are histologically 
distinct structures, they will be considered separately. 


Cartilage Plate 

This refers to the thin layer of hyaline cartilage, similar to articular cartilage, which 
borders the end plate of cancellous bone of the vertebral body. Centrally it is prominent, 
but marginally, with the exception of the posterior surface, it fades out into the annulus 
fibrosus, where the latter structure is attached to the elevated epiphyseal ring. Posteriorly 
the ring is deficient, and the cartilage plate reaches the posterior margin of the vertebral 
body. The cartilage plate is adherent to the spicules of cancellous bone through a thin 
layer of calcified cartilage. Between the spicules, the cartilage plate is in contact with the 
marrow, through which it receives nutrient material. Before the third decade, vascular 
channels are seen in the cartilage plate?*7*.°, extending from the marrow spaces. After 
this they disappear, leaving minute scars. These areas have been considered by some?**" 
to be points of weakness, through which nuclear material may extend to form the defeet 
so well described by Schmorl. This, however, is an unlikely probability, which is given 
little credence by most observers**. Aside from these vascular channels, the entire dis¢ 
is an avascular structure. 

The cartilage cells are arranged irregularly, but show a general tendency toward 
arrangement in horizontal rows, particularly near the points of attachment of the annulus 
fibrosus. 

The functions of the cartilage plate are twofold: First, it serves as a point of origin 
for the inner fibers of the annulus fibrosus; and, second, it acts as a barrier, along with a 
thin layer of annulus fibers, between the nucleus pulposus and the spongiosa. 
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With increasing age, certain changes are apparent in the cartilage plate: It becomes 
thinner, cellularity diminishes, and cells in various stages of degeneration are found. 
Microscopie extensions of nuclear material occur with increasing frequency, either within 
the hyaline cartilage or, through tears, into the spongiosa, with the formation of Schmorl’s 
nodes. Healing may occur in these defects, with invasion by fibroblasts and endothelial 
buds that originate in the bone marrow. Gross examination may disclose fibrillation or 
parallel tears in the cartilage’’*. Table I shows the incidence of these changes in the forty 


dises studied. 


Annulus Fibrosus 

The annulus fibrosus consists of dense fibrous tissue in lamellae, arranged generally in 
parallel fibers with connecting bands. From ten to twelve lamellae are present in the 
lumbar region’, the outer layers being composed of coarser fibers than those close to the 
nucleus pulposus. The fibers are attached to the elevated bony epiphyseal ring through 
Sharpey’s fibers, which bind together the adjacent vertebral bodies. The inner lamellae 
are derived from the cartilage plates. Superiorly and inferiorly, a thin layer separates the 
cartilage plate from the nucleus. Fibroblasts with elongated compressed nuclei are present 
between the collagen fibers; cartilage cells are also sparsely disposed,—usually singly, but 
occasionally in clumps. Coventry, Ghormley, and Kernohan point out that increasing 
clumps of cartilage cells accompany other degenerative changes. 

With increasing age, swelling of the lamellae becomes apparent and hyalinization of 
the fibrils occurs. Schmor]l, Beadle, and Saunders and Inman emphasize the appearance of 
radial and crescentie fissures. Radial fissures occur most frequently in the thoracic region, 
and are of particular importance, since they may serve as portals for the extrusion of 
material from the nucleus pulposus into the vertebral canal. A peculiar type of pigmentary 
deposition may accompany other degenerative changes. The origin of this pigment is 
obscure; some authors believe it to be derived from old blood'**. Fibrosis with vascular- 
ization is seen, probably as the result of trauma with resultant healing. The vessels are 
derived from either the longitudinal ligaments or from the adjacent loose areolar tissue. 

In our postmortem material, swelling and hyalinization of lamellae was the most fre- 
quent change; scarring with fibrosis and vascularization was found in three cases; fissures, 
erescentic tears, and pigmentation of the annulus were not observed. 


Nucleus Pulposus 

The nucleus pulposus is the expanded central portion of the intervertebral dise, sur- 
rounded by the annulus fibrosus and merging with it. In regard to the anteroposterior 
plane, it is disposed posterior to the mid-line. When examined grossly in the fresh state, 
the nucleus is composed of glistening, whitish translucent material of elastic consistency. 
When the dise is sectioned sagittally, the nucleus is seen to bulge slightly over the confines 
of the annulus. Upon immersion in water it has been shown to swell markedly. The water 
content of the nucleus has been determined at various ages, and a progressive decrease 
has been found,—from 88 per cent. in the full-term foetus to 69 per cent. at the age of 
seventy-seven. 

Microscopically, the nucleus is composed of an interlacing fine fibrillar structure with 
a clear stroma, resembling connective-tissue mucin. Three types of cells are seen,—fibro- 
blasts, cartilage cells, singly and in clumps, and notochordal cells. The latter are described 
as usually occupying the central portion of the nucleus, in clumps, being most prominent 
in younger dises. These cells were not seen in the cases in this series. 

The peripheral portion of the nucleus is increasingly fibrous, the fibers finally blending 
with those of the annulus fibrosus. Coventry, Ghormley, and Kernohan describe the 
nucleus as being most distinct from the annulus during the second decade; following this, 
the line of demarcation becomes decreasingly distinct. 
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TABLE II 


Acer DISTRIBUTION IN SURGICAL CASES 


Decade Number Per Cent 
Second 5 3 
Third 25 15 
Fourth 62 37 
Fifth 45 27 
Sixth 25 15 
Seventh 4 3 
Totals 166 100 


After the second decade and occasionally during it, a central fissuring appears within 
the nucleus, which progresses to cavitation. This becomes more apparent during fixation 
with its attendant dehydration. Schmor! believed this to be a rudimentary attempt at the 
formation of a joint space, but this does not appear to be a tenable supposition!®. When 
examined microscopically, no suggestion of a synovial lining is seen, and the space is found 
to be the result of a degenerative change in the nucleus, which has an amorphous, granular, 
acellular appearance. This central degeneration increases gradually, some of the nuclei 
from the seventh decade being composed entirely of this necrotic-looking material. This 
change has been claimed by most authors'+:!® to be the result of progressive desiccation. 

Cellular degeneration is also commonly seen, and some evidence of it was found in all 
of these specimens. As age increases, a progressive increase in fibrous character occurs, 
with decrease in the mucoid stroma. Focal deposits of calcium salts are seen; rarely, 
calcification of the entire nucleus occurs®®. 

In none of the postmortem specimens examined was posterior or anterior protrusion 
of the nucleus pulposus found. However, in three of the four cases in which granulation 
tissue was invading intraspongious protrusions, this granulation tissue extended into the 
nucleus pulposus itself. 








Two of the six dises in which Schmorl’s nodes were present showed marked narrowing, 
which undoubtedly was the result of loss of considerable nuclear material. This same 
narrowing may occur in anterior or posterior herniations, if a sufficient portion of the 
nucleus is involved. 

Diseases producing demineralization of the vertebral bodies, such as osteoporosis, 
osteomalacia, and metastatic neoplasm, may, if the nucleus retains its elasticity and the 
cartilage plate remains intact, result in an expansion of the nucleus with widening of the 
dise and production of the so-called “fish vertebrae’. Two examples of this were found 
in the present group. A similar type of change was observed by Schmor] and by Beadle in 
adolescent spines; they considered this to be the result of developmental defects, chiefly in 
the cartilage plate, because this structure was unable to resist the “turgor” of the nucleus. 
This type of expansion was not observed by the authors. 

In none of these dises could oedema of significant degree be demonstrated. 


STUDIES OF SURGICAL MATERIAL 
Of the 166 patients from whom material was obtained at operation, 60 per cent. were 
males and 40 per cent. were females. The youngest patient was thirteen years, the oldest 


TABLE III 
Composite TABLE oF Microscopic FINDINGS IN 166 SurGIcAL Cases (182 Discs) 
Cartilage Plate Annulus Nucleus Pulposus 


ieuen 
Pathological Fibrosu 


Change Nuclear Vascular- Granular Fibroblastie Vascular- 
Extension ization Scarring Degeneration | Proliferation ization 

Number 12 7 51 90 59 19 

Per Cent. 6.6 38 28 19 32 27 
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TABLE IV 


Microscopic FInpINGS IN 166 SurcicaL Cases (182 Discs) 


Annulus 
Cartilage Plate Fibrosus Nucleus Pulposus 
Decade ; : : ; : 
Nuclear Vascular- Scarring Granular Fibroblastic Vascular- 
Extension ization Degeneration | Proliferation ization 
HERNIATED 
Second 
Third | = 2 5 1 1 
Fourth 3 1 13 13 12 10 
Fifth l I 11 8 15 9 
Sixth 1 3 7 7 7 
Seventh 2 
Totals 6 2 29 33 38 30 
(6.5% ) (2.1%) (31.5%) (38.0% ) (41.3%) (32.6% ) 
BULGING 
Second 2 2 2 
Third 2 2 2 
Fourth 3 1 5 14 3 3 
Fifth 1 6 12 5 5 
Sixth l 3 6 3 3 
Seventh 1 1 
Totals 4 2 15 37 15 15 
(6.6% ) (3.3%) (25%) (61.6% ) (25%) (25%) 
SOFTENED 
Second l 2 l l 
Third 1 5 
Fourth 1 2 2 | 3 | 
Fifth l l 2 3 l l 
Sixth 1 3 l l 
Seventh 1 
Totals 2 3 7 18 6 j 
(6.6% ) (10%) (23.3%) (60% ) (20% ) (13.3%) 


sixty-six. The age distribution by decades is shown in Table II. Ninety-seven per cent. of 
the dises removed were from the fourth lumbar level (46 per cent.) or the lumbosacral 
level (51 per cent.). The remainder included the third lumbar dise. The fusion operation 
was not performed on any of the patients in this group. 

For purposes of better correlation between laboratory studies and clinical findings at 
the time of operation, all of the cases were taken from the service of the same surgeon 
(J. Albert Key, M.D.). At the time of operation the lesions were described as “herniated”, 
“bulging”, or “softened”. The latter group includes the concealed dise described by Dandy. 
When the nucleus was herniated, curettage of the remaining dise was not performed rou- 
tinely; but when it was bulging or softened, curettage was always carried out. The gross 
material varied accordingly. When the herniated nucleus was removed in one piece, the 
tissue consisted of a central mass of firm, white, fibrocartilaginous tissue with multiple 
nodular excrescences at the periphery, and varied in size from 1 to 5 centimeters in greatest 
dimension. This tissue in all of the cases consisted of nucleus pulposus with adherent 
lamellae of the annulus fibrosus. When the dise was curetted, the fragments were entirely 
nondescript and irregular. In 60 per cent. of the entire group, fragments of hyaline 
cartilage plate were identified. Fibers of annulus fibrosus predominated in many of the 
curetted specimens 

Microscopie abnormalities were found in all three portions of the dise, the changes 
being similar to those found in the control group. The major pathological changes are 
summarized in Table III. 
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TABLE V 


Enp Resutts 
Herniated Bulging Softened Total 


No. Per Cent. No. | PerCent.| No. | Per Cent. | No. | Per Cent. 


Asymptomatic 19 38.7 5 20 5 31.3 29 322 
Moderate relief 

Pain in back 17 34.7 12 48 9 56.3 38 422 

Pain in leg 3 6.2 0 0 0 0 3 3.3 

Pain in leg and back 4 8.1 3 12 1 6.2 8 88 
No relief 6 12.3 5 20 1 6.2 12 13.3 
Compensation cases 

Relief 7 5 2 14 

No relief 1 2 3 


Cartilage Plate 

Since the amount of hyaline cartilage varied with the vigor and frequency with which 
the curette was used, the amount seen in sections was a small proportion of the total 
cartilage plate. Undoubtedly in many of these dises, lesions in the cartilage plate were 
present, although we could not identify them. It is interesting that extensions of nucleus 
pulposus into cartilage plate, indeed, small Schmorl’s nodes, can coexist with posterior 
or posterolateral herniations of the nucleus. This certainly suggests the possibility that 
the presence of granulation tissue in the nucleus pulposus need not be evidence that tearing 
of the annulus has occurred posteriorly. 


Annulus Fibrosus 

With rupture of the outer lamellae of the annulus fibrosus posteriorly, the remaining 
fibers frequently stretch over the protruding tissue of the nucleus pulposus. It is to be 
expected that scarring might occur, particularly marginally, and this is indeed the ease. 
The age at which this process occurs is variable, the extremes being young granulation 
tissue and typical old avascular, relatively acellular fibrous tissue. Deucher and Love 
mention that, in most of their material, a loss of the regular course of the annulus fibers 
could be demonstrated. Since attachments of fibers possessing the same tension and 
elasticity are torn, this loss is to be anticipated and could be demonstrated in all of our 
cases. 

In a few cases, focal deposits of calcium were found. Hyalinization of collagen fibers 
was encountered frequently, but no true necrosis was seen. 


Nucleus Pulposus 

The most striking change noted in the pathological material, as in the postmortem 
group, was the stroma degeneration ascribed to desiccation. This peculiar amorphous 
granular appearance, with loss of fibrillar structure, was noted in significant amounts in 
49 per cent. of the dises studied. Reference to Table IV will show that this by no means 
was seen only in the older age groups, in which it is anticipated. Material taken from 
several patients in the second decade showed surprisingly large areas of this degeneration. 

Cellular degeneration was also encountered frequently; whether this change occurs 
as a result of impaired nourishment, or whether, as in the control group, it is an aging 
phenomenon, cannot be definitely stated. Some cellular degeneration can be found in 
almost any dise examined; accordingly, no tabulation of this change has been made. 

Focal deposits of calcium within the nucleus were occasionally found, and one ease in 
this series consisted entirely of a calcified nucleus pulposus. Fibroblastic proliferation, 
with or without vascularization, approximated the incidence of scarring in the annulus 
fibrosus. 

Oedema, mentioned so prominently in Deucher and Love’s work and occurring in 22 
per cent. of their cases, was not considered a significant finding in these studies. Upon 
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analysis of Deucher and Love’s figures, it is seen that oedema was found chiefly in the 
younger age groups,—those in which water content is highest. We cannot agree with their 
hypothesis that recurring oedema may account in part for the intermittency of pain in 
these patients. 

Table V shows the major findings in relation to the appearance of the dise at the 
time of operation. Of the 182 dises, 92 were described as herniated, 60 were bulging, and 
30 were considered to be softened. These groups are not sufficiently large to allow definite 
conclusions to be drawn, but it would appear that very little correlation can be established 
between the gross and microscopic findings. It was hoped that some marked difference 
could be found in the softened or concealed group; but examination of Table IV will show 
that consistent changes were not found in this group. 


FOLLOW-UP STUDIES 

A routine questionnaire, designed to secure information concerning operative results, 
residual symptoms, and possible relation to compensation, was submitted to each patient. 
The form was made as simple as possible and required, at most, a short answer; many 
patients disregarded the form completely, however, and sent a letter in its place. Unfor- 
tunately, the response was incomplete. 

In interpreting the answers, an effort was made to be as objectively critical as possible. 
It may be that a less severe interpretation might be possible in several cases. The results 
are summarized in Table V. It was apparent that compensation was of no importance in 
this group, for the surgeon preferred not to handle compensation cases. As one would 
expect, the best over-all results were obtained in those cases in which definite herniation 
of the nucleus pulposus was found. 

The entire group shows that 87 per cent. of the patients were entirely or partially 
relieved of symptoms. All of these patients were able to return to a fairly normal life; any 
patient unable to make a living was considered not improved. This percentage would 
appear to be encouraging, and compares favorably with results obtained by other well- 
established surgical procedures. 

No explanation is offered for the patients having residual pain with sciatic radiation. 
This number appears to be rather large, particularly in the “herniated” group. 

No correlation could be found between the clinical results and the microscopic find- 
ings. In eight of the fourteen unimproved patients, marked pathological changes were 
found during microscopic examination of dise tissue. This also was a result to be antici- 
pated, if the clinical symptoms are solely the result of pressure on nerve roots. 

CONCLUSIONS 

1. The examination of forty lumbosacral intervertebral dises removed from cadavera 
of different age groups revealed certain changes in the cartilage plate, the annulus fibrosus, 
and the nucleus pulposus which must be considered physiological,—either the result of 
repeated minute traumatic episodes or of aging. 

2. In comparing the findings in the cadavera with those in 182 intervertebral dises 
partially removed at operation, it was apparent that the difference was in number rather 
than kind. The principal changes encountered consisted of extensions of the tissue of the 
nucleus pulposus into the cartilaginous plate; vascularization of this defect; scarring with 
vascularization of the annulus fibrosus and nucleus pulposus; and granular degeneration, 
considered the result of desiccation, in the nucleus pulposus. 

3. At the time of operation the dise was described as herniated, bulging, or softened. 
No significant microscopic differences were found in the three groups. 

4. Follow-up studies on the surgical cases show good results in 86.7 per cent. The 
best results were achieved in those cases in which the dise was described at operation as 
herniated. No relation appears to exist between microscopic findings and end results. 
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AN ANALYSIS AND DIFFERENTIATION OF LOW-BACK PAIN IN 
RELATION TO THE DISC FACTOR * 


BY ARTHUR STEINDLER, M.D., IOWA CITY, IOWA 


Three problems of a pathological nature have been selected, on the grounds that they 
are essentially related to the diagnosis of the herniation or degeneration of the interverte- 
bral dise. 

PATHOLOGICAL OBSERVATIONS 


The first question is whether or not it can be assumed that the dise is a producer of 
local pain, in the sense that the pain can originate in the tissue of the dise itself. The struc- 
tures concerned are the disc and the long posterior ligament. Their endowment with 
sensory nerves must be considered. 

In recent studies, Roofe demonstrated nerve endings in large numbers in the posterior 
longitudinal ligament. He also found nerves in the annulus fibrosus, but could not deter- 
mine their origin or course. Jung and Brunschwig could not observe nerve fibers in the 
dise itself. Ehrenhaft found evidence that the annulus fibrosus has some nerve fibers, 
which until recent years had been denied. 

In the anterior longitudinal ligament, however, the nerve fibers are readily found, 
which is not surprising, since this ligament might be expected to impart information on 
position. The nerve fibers beneath the anterior ligament give off fine branches, which 
accompany the periosteal vessels entering the cartilaginous substance of the dise. 

The sensory innervation of the posterior portion of the spinal column is largely fur- 
nished by the nervus sinuvertebralis of von Luschka, first described by him in 1858. This 
nerve is a recurrent branch of the spinal nerve, coming off just distally to the ganglion of 
the posterior root. As it separates from the main trunk, it reaches the vertebral foramen 
and supplies all ligamentous structures, the capsular apparatus, the posterior longitudinal 
ligament, and the periosteum. It is also said to contain sympathetic postganglionic fibers 
for the blood vessels. 

Since it is a lumbar nerve branch, the pain caused by it should be local—perhaps 
with some spread over the gluteal region or possibly the upper aspect of the thigh—but it 
‘annot cause sciatic radiation. The conclusion is that, with the dise intact, very few if any 
pain symptoms may be expected to originate in the disc itself. That the dise acts as a 
joint and that it must be endowed with proprioceptive organs is not a valid argument, 
because the proprioreception does not come from the joint bodies any more than it comes 
from the cartilages of the knee. It comes from the synovial membrane, the capsular re- 
inforeement, and the ligaments about the joint; it also originates in the muscles and their 
periosteal attachments. The structures in which distress is frequently produced on forward 
flexion, for instance, are in sequence as follows: the ligamentum interspinalium, inter- 
crurale, or flavum, the intertransverse ligament, the capsular reinforcement, and, last, the 
supraspinal ligaments. The muscles are the sacrospinalis, the quadratus lumborum, and 
the deeper back muscles. By their anatomical arrangement, these structures are the first 
to receive stress, and there is no reason why they should not also be the first to produce 
sensory symptoms. 

The second problem concerns the effect of degeneration and thinning of the dise, 
irrespective of herniation, on local pain. 

When the dise degenerates and loses its height, a change occurs in the relationship, not 
only of the vertebral bodies, but also of the arches and the intervertebral joints. That 

* Read at the Annual Meeting of The American Orthopaedic Association, Hot Springs, Virginia, 
June 27, 1946. 
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degeneration of the disc is an early and regular phenomenon of senescence is now generally 
recognized. The recent studies of Coventry, Ghormley, and Kernohan show that the 
nucleus pulposus begins to break up as early as the second decade, and in the third decade 
it already shows signs of wear and tear. There is hardly any structure of the body, not 
even the tendons, which undergoes senescent changes as early as does the disc. 

The greatest amount of degeneration occurs in the fifth and sixth decades, according 
to Deucher and Love. These changes consist of defibrillation, hyalinization, fissure of the 
fibrocartilage, defects in the cartilage plate, and erosion of the cartilage with formation of 
numerous clefts and fissures, which prepare the way for future herniation. The nucleus 
pulposus undergoes progressive fibrous replacement until it becomes of almost the same 
consistency as the annulus. 

In contrast to the findings in osteoporosis, where the dise balloons out, owing to the 
lessened resistance of the vertebral body, in the aging spine a thinning of the intervertebral] 
dise is found; and, as a reaction to the loss of dise substance, hypertrophic arthritis ap- 
pears with the development of spurs and bridges. 

The question arises as to the mechanical effect of this degenerative thinning of the 
dise upon the lumbosacral junction. It is obvious that the dise no longer acts as a firm 
buffer between the vertebral bodies; the junction has been weakened. Lateral and forward 
displacement may occur as a shift of the dise takes place, which causes it to protrude in 
all directions. It may spread under the anterior longitudinal ligament for a certain dis- 
tance. The protruded material consists chiefly of desiccated nuclear tissue’. 

Since the dise has lost its turgor and its elasticity, this affects the equilibrium which 
normally obtains between the disc, the longitudinal ligaments of the vertebral column, 
and the longitudinal and segmental ligaments of the arches. All these now are relaxed, 
whereas before they were under tension, since the vertebral bodies are no longer forced 
apart by the disc. 

This intrinsic passive equilibrium, which normally makes the spine rigid and resistant 
to deformation, is now destroyed. Sometimes the relaxation of the intervertebral Junction 
“an be demonstrated at operation by moving the spinous processes sideways and against 
ach other. At any rate, a relaxation exists in the structures lying posterior to the dise; 
the ligamenta flava, the intertransverse ligaments, and the interspinal ligaments are no 
longer kept at tension. It is for this reason that a degenerated dise can and does produce 
the inclination to periodic attacks of soft-tissue strain in the lumbosacral junction or 
above, without necessarily being herniated. 

The destruction of the normal equilibrium between the dise and the ligaments affeets 
also the intervertebral articulations. The joint bodies are jammed together because the 
distending action of the dise is gone. They respond to this by hypertrophic arthritic 
changes. The intervertebral foramen becomes encroached upon, and root symptoms may 
appear in the territory of the fourth or fifth lumbar root. 

The most intricate diagnostic problem lies in the evaluation of the herniation itself,— 
the meaning of remissions and of exacerbations in terms of pathological findings. The 
posterior protrusion of the dise was known to von Luschka in 1858. It was described by 
Goldthwait in 1911. Calvé and Galland reported it in 1922, and it was finally rediscovered 
by Schmor! in 1929. It is a common occurrence (according to Beadle, in 15 per cent.), the 
same as are herniations in the axial direction, which have been so well described by 
Schmorl. The question is what constitutes a herniation. It is described as a smooth, 
elongated, or spindle-shaped formation, ranging in size from one-eighth to one-quarter of 
an inch; and it has a peculiar pathological variation in form, in density, in mass, and in 
anatomical relationship to the contents of the spinal canal. 

Duncan and Hoen distinguish three types of herniation, as found at operation. These 
are the simple herniation, which appears as a round bulge with the consistency of a tennis 
ball; the already ruptured mass which migrates into the extradural space; and the fibrous 
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fixation of the mass to nerve elements in the spinal canal. Hyndman speaks of the herni- 
ating and the herniated dises. It is obvious that we are dealing with different phases of 
the same process. The important part seems to be that the herniating dise shows definite 
oedematous swelling of the protruding portion. In their description of pathological find- 
ings, based upon 100 specimens, Deucher and Love emphasized the fact that some oedema 
was present in the majority of cases, and in 20 per cent. of them it was marked. It is quite 
probable that the oedema had something to do with the exacerbation of radiating pain. It 
might explain why, in many cases in which repeated painful attacks occur over a period 
of years, relatively small protrusions are found at operation. The ability of the nucleus to 
swell should not be underestimated, since it can increase to many times its original size. 
In old persons the capacity of the nucleus to swell is, of course, markedly decreased owing 
to degeneration; and, therefore, the protrusion of the dise does not always produce symp- 
toms. Dandy speaks of a concealed dise, which he found in 28 per cent. of his series of 37 
-ases,—that is, the dise bulged out so slightly that it never could be disclosed by visualiza- 
tion, either with iodized oil or air. 

The variability and instability of the dise and its changing relationship to nerve roots 
have given substance to conservative methods of treatment, which otherwise might be 
hard to justify. We know that the body assumes a tilt, or so-called sciatic scoliosis, as a 
defense position. If the dise lies lateral to the root, the tilt is to the opposite side. The 
herniated portion is then made to draw into the widened space between the vertebral 
bodies. 

Similarly, a centrally located dise may be drawn into this space when the patient 
bends forward. This calls to mind the therapeutic principle of Putti. He immobilized 
these patients with sciatic scoliosis “as is”,—that is, without ever changing the position. 
He knew that it was a position of relief, which must be respected, and which would dis- 
appear automatically as soon as the pain and the accompanying reflex contraction were 
controlled. Obviously this can only apply to the mobile dise. Scott and Young emphasized 
the differentiation of the fixed and movable discs. The fixed dise should always be re- 
moved, because it gives persistent sciatic symptoms. The mobile dise is one which pro- 
trudes into the spinal canal when the patient is in the upright position, but returns to its 
normal position with hyperflexion of the thighs and back; and it herniates again to its 
maximum when the patient’s back is hyperextended. This variation in protrusion was 
definitely demonstrated by Scott and Young, who took roentgenograms with the patients 
in different positions, after the injection of air. We can well understand the reason why 
conservative treatment of sciatic pain can be carried out successfully, on these grounds. 
For instance, Kuhns reported his results in 1,000 cases of low-back pain with sciatic radi- 
ation, treated conservatively by such methods as bed rest, support, and physiotherapy. 
He obtained good results in 79 per cent. of the cases. This is not surprising when we con- 
sider that some of these cases were probably of the reflex type (a condition which will be 
referred to later), and many of the patients must have had protruded dises which receded 
after proper immobilization in a suitable position. 

Thus the three pathological facts believed to be of significance are these: 

1. The dise has few, if any, sensory fibers, while the neighboring capsular liga- 
mentous structures are richly endowed with sensory elements, and all the sensory endow- 
ment comes to these fibers from branches of the posterior primary division. 

2. During the process of degeneration of the dise, and as a result of it, the equilibrium 
between the dise and the longitudinal ligamentous system is destroyed, and this disturb- 
ance is only incompletely compensated for by arthritic ledges and buttresses. The result 
is that the junction between the vertebral bodies is loosened; and stress is placed, there- 
fore, upon the supporting ligamentous and muscular system. 

3. In the presence of this disturbed equilibrium, the disintegration of the dise pro- 
ceeds, leading finally to herniation into the spinal canal. Herniation is an evolutionary 
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TABLE I 


Resutts Arrer CONSERVATIVE TREATMENT OF 100 Cases or Low-Back PAIN 
IN WHICH THE ProcaAINE Test WAS EMPLOYED 


Greatly Improved Little or No 

or Cured Improvement 
Positive Test 58 l 
Negative Test 6 25 
Totals 64 36 


process, which shows phases in which the protrusion is still free and movable and capable 
of spontaneous reduction; in other phases there is fixation of the protrusion and definite 
adhesions to nerve trunks. It is still a question as to whether or not an acute traumatic 
herniation does exist,—that is, one where the sciatic radiation occurs immediately after 
the trauma and is not preceded by low-back pain. 


DIAGNOSTIC IMPLICATIONS 


These pathological observations have certain diagnostic implications. First of all, one 
must prove that a disc lesion exists and, if it does, that it is responsible for the radiation; 
and next, that it produces other objective, so-called neurological, signs. 

For this purpose the students of intervertebral dises have set up a useful diagnostic 
scheme. It consists of a history which indicates the cause, duration, and continuity of the 
radiation; a neurological examination, which reveals the so-called neurological signs, in- 
cluding paraesthesiae, numbness, areflexia, and shrinkage; and the so-called orthopaedic 
signs, which disclose such things as changes in posture, rigidity, and restriction of motion. 

All of these signs have been tabulated by many authors, according to their relative 
frequency. Some are very significant, such as areflexia, while others are less so. The 
question arises of how much is necessary to make the diagnosis reasonably certain. 

In former years, Hyndman, Steindler, and Wolkin agreed not to make a diagnosis of 
a protruding disc, producing sciatica, unless neurological signs were present. Conse- 
quently, almost all patients who were operated upon had protruding dises, and the diag- 
nostic average was well over 90 per cent. Although dise lesions were found where expected, 
however, they were not always expected when present, and no doubt many of them were 
missed. 

On the other hand, Dandy insisted that every case of persistent sciatica meant a dise 
lesion. The result was that any patient with persistent sciatica was suspected of having a 
dise lesion. It is obvious that under this policy all protruding dises were probably found; 
but, on thé other hand, a great many patients were operated upon without a protruded 
dise being found. It is quite clear that unless a certain “middle-of-the-road” policy is 
adopted, a satisfactory solution will not be found. 

The diagnosis of a protruded dise should be made if neurological signs are present and 
if the history and other complaints substantiate it. In fact, when a proper history and 
corresponding physical examination disclose so-called neurological signs, we do not look 
for a further test for the diagnosis. Visualization serves as corroboration, and also helps 
in the localization of the abnormal disc, rather than in the diagnosis itself. 

In order to improve diagnostic accuracy, two further procedures are used in cases in 
which the history, or the absence of neurological signs, produces uncertainty. 

The novocain test eliminates the diagnosis of a protruded dise in those cases in which 
the sciatic radiation is purely a reflex phenomenon. These patients show no neurological 
signs,—that is, no areflexia, no paraesthesia, and no anaesthesia. The test is only appli- 
‘able if a trigger point exists, because the substance of the test is that the trigger pain and 
the sciatic pain should completely and simultaneously disappear upon the injection of 
1 per cent. procaine. The test, of course, is based upon the fact that the local lesion, on the 
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one hand, and the sciatic area, on the other hand, are anatomically entirely and completely 
independent of each other as far as nerve supply is concerned, since the former is supplied 
entirely by the posterior primary division and the latter by the anterior primary division. 
The result of this test must be striking in order to be evaluated. There is no middle ground. 
The interpretation must be very rigid. The patient must volunteer the information that 
pain has now completely disappeared—both locally and by radiation—and the surgeon 
must verify this by the disappearance of the leg-raising sign (Table I). 

When the test is positive, however, it furnishes absolute proof that the pain is of reflex 
character and not referred, and that, therefore, a dise lesion is not present and no operation 
is necessary. 

We do not know what percentage of these cases of low-back strain with sciatic radia- 
tion are on a purely reflex basis, but that they do exist has been demonstrated on numerous 
occasions. We do not always find a trigger point as well as radiation, although both are 
necessary to carry out the test. Consequently, one may say that there are more cases of 
reflex sciatic pain in existence than can be proved by that test. Without the test, patients 
undoubtedly will be operated upon in whom no dise lesion is found. 

We are told, furthermore, that in many of these instances in which a protruded dise 
is not found, the ligamentum flavum is hypertrophied. There is no reason why this liga- 
ment should not become hypertrophied. As Grant puts it, taking his cue from Fick, these 
ligaments are “sparers” of muscles and assist in the recovery of the erect posture after 
bending, and they are exceptionally strong in the lumbar region. There is no reason why 
they should not undergo compensatory hypertrophy to make up for the instability pro- 
duced by the degenerating or herniating intervertebral disc, especially since these liga- 
ments continue their course into the capsular apparatus of the intervertebral joint, which 
they substantially reinforce’®. This brings up the last point of discussion,—namely, of 
whether or not the lumbosacral spine should be fused after the removal of the dise. 

Fusion should be done in all cases in which instability of the lumbosacral junction has 
manifested itself by prolonged and repeated attacks of backache. This is a strictly local 
disturbance, and it is not taken care of by the removal of the disc. These two conditions 
may be related, but only in so far as the degeneration of the dise may be responsible both 
for the instability of the lumbosacral junction and for the herniation which causes the 
referred sciatic pain. Barr and Mixter stated, on the basis of ninety-nine cases, that, with 
laminectomy and dise removal alone, the relief of back symptoms was not so satisfactory 
as was the relief of the radiation. Seventy-three per cent. of the patients in whom the 
spine had been fused had relief of the back symptoms, and only 52 per cent. of the patients 
without fusion had no further back symptoms. It does not make much difference if the 
removal of the dise is carried out with little or no removal of the lamina, since the instabil- 
ity of the spine with attendant attacks of backache existed before operation and was not 
‘aused by this procedure. 

Similarly, Ghormley, Love, and Young, reporting on seventy-seven patients with pro- 
truded dises who had the combined operation of laminectomy and fusion, found the results 
good in 64 per cent., fair in 25 per cent., and poor in only 11 per cent. 

Of forty-eight cases of ruptured, herniated intervertebral dise which were proved at 
operation in this Clinic, the following results were obtained in thirty-one: 

Twenty-three of the group had laminectomy alone and, of these, complete relief was 
obtained in fourteen cases, or 60 per cent. 

Partial relief (that is, residual back pain) was found in nine cases, or 40 per cent. 

In contrast, of eight cases in which laminectomy was followed by fusion, complete 
relief was obtained in seven cases, or 87.5 per cent., and residual backache occurred in one 
case, or 12.5 per cent. 

On the basis of the pathological findings, we are able to conclude that the best policy 
would be to initiate a conservative trial treatment in all doubtful cases. On the other hand, 
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where the diagnosis is certain on the grounds of the clinical examination or where the tests 
and trial treatments have failed, the operation is indicated. We prefer, first, to be con- 
servative in the laminectomy ,—that is, to remove as little of the arches as possible. Second, 
the laminectomy should be followed by fusion of the spine by one of the recognized meth- 
ods, even though it entails a longer period of recumbency. Recently, we have used the 
so-called “clothespin” method of Bosworth with gratifying results. 
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ANATOMICOPHYSIOLOGICAL ASPECTS OF INJURIES TO THE 
INTERVERTEBRAL DISC * 


BY VERNE T. INMAN, M.D., AND J. B. DE C. M. SAUNDERS, M.B., F.R.C.S. (EDIN.) 
SAN FRANCISCO, CALIFORNIA 


INTRODUCTION 


Herniation of the nucleus pulposus, or protrusion of the dise, is now firmly established 
as a pathological mechanism associated with low-back pain and sciatica. Despite initial 
enthusiasm, we have little doubt that the majority will agree that the treatment of many 
of these cases by laminectomy and nerve-root decompression has been disappointing. 
There is a growing realization that many features of the syndrome are difficult to under- 
stand. We believe that a re-examination of certain fundamental anatomicophysiological 
principles may help to clarify the situation and serve to evaluate better the clinical find- 
ings and direct the choice of treatment. 

At the very outset, it should be understood that the intervertebral dise is essentially 
and primarily a part of the functional mechanism of the spinal column and, further, that 
any relationship which the dise bears to the spinal cord and its roots is purely secondary 
and, so to speak, fortuitous. Destroy the dise and you destroy, in some degree, spinal 
mechanics. Therefore, in dise derangement we are dealing with a dual problem,—first, 
deranged spinal mechanics, and, second, the effects of spinal-nerve irritation and com- 
pression. The crucial feature in the symptomatology of both is the presence of pain; but 
pain, being a subjective phenomenon, is, unless accompanied by objective neurological 
findings, difficult of interpretation and, therefore, may cause endless confusion. Too often 
we are compelled in low-back syndromes to rely on the sole subjective reaction of the 
patient, always unsatisfactory, as a guide to definite and rational therapy; or we must 
await the appearance of objective signs. Herein lies a great part of the difficulties in 
interpretation and choice of treatment. 

We shall, therefore, consider the intervertebral dise in relation to the maintenance of 
spinal mechanies and the effects of its loss, as well as the anatomical relationships of the 
spinal nerve and what is known of its physiological response to pressure and irritation. 
From these, we believe it possible to clarify some features in the clinical management of 
the affected individual. 


THE INTERVERTEBRAL DISC 

The general construction of the intervertebral dise is sufficiently well known not to 
require any detailed discussion. It consists essentially of three parts: the annulus fibrosus, 
the nucleus pulposus, and the cartilaginous plates. 

The cartilaginous plates cover the bony surfaces of the opposed vertebral bodies and, 
in part, function during growth as epiphyseal cartilages. In man the secondary center of 
ossification is extremely limited, and the epiphysis of the vertebra does not develop to the 
extent found in other mammals and in most primates. In man the epiphysis is merely a 
peripheral ring of bone, so that the cartilaginous plates bear a direct relationship to the 
other components of the intervertebral dises and are not separated from them by bony 
plates. This is surprising, inasmuch as man is the only mammal which requires that forces 
be borne in a vertical direction upon the opposed surfaces of the vertebral bodies; and 
these bodies are not protected by bony reinforcing plates, as in other animals. Perhaps 
the explanation is found in the physiology of the nucleus pulposus. 

* Read at the Annual Meeting of The American Orthopaedic Association, Hot Springs, Virginia, 
June 27, 1946. 
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The nucleus pulposus is a semifluid substance, with a water content of over 80 per 
cent. It is confined between the cartilaginous plates and the slightly elastic annulus 
fibrosus. Because of the high water content in the nucleus pulposus, it is incompressible 
and follows Pascal’s law. Forces applied to the nucleus are transmitted throughout the 
nuclear material, and the forces exerted upon the cartilaginous plates are thus equalized. 

It should be emphasized that the pressures exercised, through the vertebral bodies, 
onto the nucleus pulposus are resisted by the inherent elasticity of the annulus fibrosus 
and other related ligaments of the spine, such as the ligamenta flava. Upon these liga- 
mentous structures the entire elasticity and resiliency of the spine depends. The nucleus 
pulposus has often been described as an elastic cushion, absorbing shocks to the spine. 
Such a conception is entirely erroneous, since the nucleus consists largely of water, which 
is incompressible and possesses no elasticity whatsoever. The elasticity of the spine is 
therefore derived, not from the static structures such as the nucleus pulposus, but from the 
elastic resistance which the ligamentous structures exercise against deformation of the fluid 
content of the disc. Therefore, the critical feature in the disturbance of spinal mechanies 
and in the production of pain is the effect on the ligamentous structures, caused by the loss 
of water or nuclear substance following injury or degeneration. 

The nucleus pulposus is confined under considerable pressure?!:**._ Even in the com- 
pletely supine position, the total pressure within the dise which tends to separate the 
adjacent vertebrae is about thirty pounds in the lumbar area. During motions of the spine, 
this pressure may rise to astounding values. The retention of water within the nucleus 
and the development of pressures sufficient to withstand the forces applied to them ean 
only be achieved through osmotic pressure. The substance of the nucleus should be looked 
upon as the impermeable solute which draws water through the cartilaginous plates from 
the highly vascular spongiosa of the vertebral body. Therein, perhaps, lies the explanation 
for the almost complete suppression of the secondary center of ossification of the vertebral 
body; this brings the cartilaginous plates into closer contact with the nucleus, for they 
must act during life as the semipermeable membranes through which water is continually 
diffused to the avascular nuclear material. 

Should the pressure tending to approximate two vertebrae exceed the osmotic pressure 
developed within the nucleus pulposus, fluid would be driven from the dise through the 
vartilaginous plate into the spongiosa of the vertebra. Should the reverse hold true, the 
higher osmotic pressure would draw water from the spongiosa into the interior of the inter- 
vertebral disc. That such diffusion does occur is indicated by DePuky’s studies of diurnal 
variation in height. An individual, getting up in the morning, is taller than when he goes to 
bed at night. During the activities of the day, the forces acting on the spine may be greater 
than the osmotic pressure within the disc, and fluid is driven from it. This diurnal variation 
in height is approximately three-quarters of an inch in males and one-half inch in females. 

It is obvious that, should the cartilaginous plate become less permeable, this free 
exchange of water would be suppressed. This occurs with increasing age, and results in a 
progressive desiccation of the nucleus**:*3, 

The delicate mechanism of water balance can be destroyed through even minute 
punctures in the cartilaginous plates, which interrupt its function as a semipermeable 
membrane. Similarly, small rents in the annulus fibrosus, permitting escape of nuclear ma- 
terial, will immediately reduce the fluid pressure. Numerous authors have proved this 
experimentally®1%.15.26,30, and clinical confirmation, in man, of these experimental findings 
is found in cases of injury of the intervertebral dise even by the minute openings resulting 
from damage during spinal punctures?*.16.18,20,28. 

The resiliency of the spine and the motions permitted to it are not due to any elastic 
turgor of the nucleus, but to the elasticity of the ligamentous structures. The first and 
most important of these is the annulus fibrosus. The annulus fibrosus consists essentially 
of concentric fibers, passing in oblique and spiral arrangement from one vertebral body to 
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the next, which receive firm attachment into the substance of the adjacent bone by means 
of the so-called fibers of Sharpey. Microscopically, the annulus fibrosus is composed of 
fibrous and elastic lamellae with an occasional cartilaginous cell. Because of the basket- 
like arrangement of the fibers of the annulus fibrosus, separation of the vertebral bodies is 
possible, not so much through elasticity of the fibers, as by change in their direction****. 
The arrangement leads to constant movement between the fibrous lamellae and eventually 
to internal wearing of the fibers, followed at length by their partial or complete rupture. 
Such findings are common pathological observations. Should these annular defects become 
complete, an extrusion of nuclear material results. Andrae has demonstrated that, in 15 per 
cent. of all individuals over the age of fifty, herniations of the nucleus through degenera- 
tive areas of the annulus fibrosus are found in those portions of the spine which are subject 
to the greatest movement. As many as five small hernias have been found at one level. 
However, these hernias are usually insufficient to cause pressure on the spinal root. 

With the loss of the internal pressure, the dise naturally collapses. The joint spaces 
become narrow and the annulus fibrosus bulges laterally. With this lateral bulging, there 
isa proliferation of new collagenous tissue on the lips of the vertebral bodies. Ossification 
occurs in this tissue and osteophytes result. The internal edge of an osteophyte marks the 
extent of the bulging of the annulus. Osteophytes seen in the roentgenograms are direct 
evidence of a degenerating dise with the loss of internal pressure and a bulging annulus. 

It is obvious that the loss of the fluid pressure in the nucleus pulposus leads to grave 
derangement in the physiology of the disc. Pressures transmitted from the vertebra are 
no longer distributed equally over the opposed surfaces. The normal tilting motion be- 
tween the vertebrae is suppressed, but lateral motion is increased and may be of sufficient 
magnitude to result in rotatory scoliosis of the lumbar spine’’. The decrease in the vertical 
height of the intervertebral spaces leads to subluxation of the interarticular zygapophysial 
joints, in which degenerative changes develop as the result of the abnormal forces acting 
upon them?’, 


LIGAMENTOUS STRAIN 


It has been amply shown that the ligamentous structures of the body are the most 
sensitive to pain*®.°.11.14_ The structures may be stimulated by mears of chemical irritants, 
or by mechanical displacement of the collagenous fibers. The displacement need not be 
great or forceful to result in a characteristic deep, dull aching pain, which is poorly local- 
ized. The pain so elicited is constant in type, but varies in intensity, depending upon the 
structure stimulated and the severity of the stimulation. The stimulation of the perios- 
teum, of tendons, or of the attachments of the ligaments is accompanied by an extensive 
radiation of pain, often associated with soreness of the muscles and tenderness over the bony 
prominences in the region of the radiation. The character of the pain which radiates 
distally from the site of the point of irritation is similar to that elicited at the point of 
stimulation, except that it tends to appear somewhat later and at varying intervals of time 
after the original stimulus. This interval may vary from a minute to several hours. The 
radiation of pain is characteristically interpreted as being deep within the body, and it 
has no cutaneous components. 

Not only is deep pain periodic and wavelike in character, but it is accompanied, when 
intense, by vasovagal responses, such as nausea, sweating, fall in blood pressure, and 
collapse. Herein it differs markedly from the response shown by cutaneous pain. From 
our experimental experiences, the authors agree with Lewis, who says: “The difference 
in the quality of pain derived from skin and from deeper structures has led me to suppose it 
possible that these are separate forms of sensation’. In the authors’ opinion, there is 
enough evidence to justify the conception that these two forms of pain are entirely sepa- 
rate and different modalities. Deep pain is derived from, and radiates extensively to, 
mesodermal elements connected with the skeleton. We have designated this modality as 
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‘sclerotogenous” pain and the region to which it characteristically radiates as the selero. 
tome, in contrast to the skin areas known as the dermatome. 

The failure to appreciate the distinction between dermatomal and sclerotomal dis. 
tribution of referred pain has been responsible for several attempts in recent years to 
modify strangely the dermatomal charts derived from the unimpeachable experimental 
evidence of Sherrington and Foerster. 

There may be a subjective feeling of uselessness in the extremity afflicted. The extent 
of the radiation varies directly with the intensity of the original stimulus, and is usually 
appreciated as extending continuously from the point of stimulation to the most distal 
poi-t of radiation. 

That the periarticular connective tissues are exquisitely tender is not often appre- 
ciated, nor is the fact that radiation of deep pain is to be expected with irritation of these 
structures, and may occur without the direct stimulation of a peripheral nerve or nerve root, 

Unfortunately, the anatomical studies of the nerve supply to ligamentous structures 
have lagged behind the experimental findings. However, the annulus fibrosus has been 
shown to possess a rich nerve supply, mostly of amyelinated fibers****. It is permissible to 
assume that these are sensory fibers, inasmuch as the intervertebral dise is avascular; and 
these fibers are, therefore, probably not sympathetic in origin. 

These physiological and anatomical observations would lead one to expect that an 
irritative lesion or injury to the periarticular structures of the spine would result in deep, 
aching pain, and this pain would normally radiate distally to a varying degree, depending 
upon the initial stimulus. This radiation of pain will accompany, in varying degree, any 
injury to these structures without direct involvement of the nerve root. How distinctive is 
the distribution of pain arising from sclerotogenous sources is illustrated by the following 
two instances: First, it is well known that, in lesions of the sixth cervical disc, patients 
may complain of deep but intense pain over the precordium. Such a distribution has no 
relationship to that of the associated spinal nerve, but may be reproduced experimentally 
by stimulation of the ligaments in the region of the fifth, sixth, or seventh cervical seg- 
ments. The second instance, among many, is that of a patient suffering from low-back 
pain and sciatica and diagnosed as having a possible herniation of the disc; roentgenog- 
raphy disclosed a tumor in the ilium. This tumor, on biopsy, proved to be a metastatic 
hypernephroma. The expanding tumor bore no relationship whatever to the sciatic nerve 
or any of its components, yet the radiation was characteristic of that often encountered in 
injuries of the disc, and corresponded to the known sclerotomal area associated with the 
periosteum of the iliae bone. 

There is now abundant experimental evidence to support the contention that distor- 
tion of the annulus fibrosus and related ligamentous structures of the neighboring joints, 
consequent upon loss of nuclear substance or nuclear degeneration, is in itself the source 
of pain of a characteristic type which, depending upon the level involved, may be referred 
to fairly specific areas of the body. Therefore, with this conception of the mechanism, it is 
easy to understand the clinical case in which an injury to the lower part of the back has 
been sustained, and in which the patient complains, not only of local pain, but of dis- 
comfort, radiating down the posterior aspect of the thigh over the involved sclerotome. 
This radiation is misleadingly called sciatica, with the notion that pressure or irritation 
directly involves the nerve roots. The picture is complicated by the fact that injuries to 
the ligamentous structures about the spine may involve the spinal root, because of its close 
relationship to these structures. 

The fibers of the cauda equina, which separate to form each lumbar nerve, leave the 
dural sac at approximately the level of the intervertebral dise of the segment immediately 
above. The nerves cannot truly be said to penetrate the dura, but carry with them a 
covering of dura which blends imperceptibly with the epineurium more distally. This con- 
tribution of the dura to the connective tissue of the nerve root increases its diameter in 
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the foramen to twice the size within the subarachnoid space. Each nerve is firmly attached 
to the dura, and traction upon the nerve will produce deformation of the dural sae without 
transmission of the tension to the fibers of the cauda equina. The nerve, as it lies in the 
intervertebral foramen, is relatively free, being attached to the surrounding skeletal struc- 
tures only by fine areolar tissue. As the spinal nerve passes through its foramen, it is 
closely applied to the medial and inferior surface of the pedicle, occupying a smooth groove 
on this aspect of the pedicle, known as the suleus nervi spinalis. At the fifth lumbar 
foramen, and to a lesser extent at the fourth, the sulcus extends obliquely forward into the 
body of the vertebra. The nerve, in its course through the foramen, occupies only its upper 
half, the lower half being more or less occluded by the posterior projection of the inter- 
vertebral dise and the anterior bulging of the ligamentum flavum. The spinal nerve comes 
into contact with its own intervertebral dise only at its point of emergence from the inter- 
vertebral foramen. 

The underlying and fundamental cause of the sciatic pain which oecurs in association 
with herniation of the nucleus pulposus, or a displaced dise, presents many difficulties in 
its elucidation. A common conception is that such pain is caused solely by pressure on the 
nerve root. Such a conception cannot be correlated with any of the existing experimental 
evidence of the effects of nerve pressure. In fact, experimental evidence on nerve com- 
pression should lead the clinician to expect a sequence of events far different from that 
actually found in cases of this nature. 

Pain can be divided into two essential types,—namely, “fast” and “slow” pain". 
“Fast” pain is characterized by being sharp and lancinating, readily localized, appreciated 
immediately after the application of the stimulus, and so adaptable that immediately 
after its initiation it is no longer appreciated. In addition, “fast” pain provokes a defense 
reaction in the subject and is associated with sympathetic hyperactivity. On the other 
hand, “slow” pain is of a dull, aching character, not readily localized; an interval of time 
exists between the application of the stimulus and the appreciation of the pain; it tends to 
spread or radiate extensively; and exhibits little or no tendency toward adaptation. When 
severe, it is associated with collapse and a tendency of the individual toward withdrawal. 
Both “fast” and “slow” pain are elicited from the skin; but, as we proceed to the deeper 
structures, we find that deep pain is most prominent. 

The nerve root is composed of a whole spectrum of nerve fibers, ranging in size from 
0.5 to 10.0 micra in diameter and with conduction rates varying from 0.6 to 90 meters per 
second’. While a precise correlation cannot be made between the function of a nerve and 
its size, because of overlap between the various groups, still the evidence would indicate 
that, in general, the larger fibers belong to the proprioceptive and motor systems and the 
smaller fibers subserve skin sensations. Among the latter, touch, pressure, and “fast” pain 
belong to the larger group; while temperature sense and “slow” pain belong to the smaller 
fibers. 

The reaction of the various fibers to mechanical, electrical, and chemical stimulation 
or to the blocking effects by pressure and asphyxia are quite different. The large myeli- 
nated fibers have a low threshold to mechanical and electrical stimulation. They are also 
the first to be blocked by pressure and asphyxia. On the other hand, the small fibers are 
the most resistent to blocking by pressure and asphyxia, but are the most susceptible to 
cocainization and chemical stimulation. These careful experimental studies are borne out 
in clinical application where uncomplicated factors are at work. It is common experience 
that sitting on the sciatie nerve causes the foot to go to sleep. The first fibers to be blocked 
are those of touch, the proprioceptive sense, and the motor system. When the leg begins to 
awaken, the subject experiences paraesthesiae of tingling, but at no time is there a feeling 
of pain or ache in the extremity. A cast applied too tightly over the peroneal nerve may 
lead to loss of touch and proprioceptive sensation, together with muscle power, but pain is 
usually absent. Electrical or mechanical stimulation of the peripheral nerves through 
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intact skin*! causes paraesthesiae in the area supplied by the nerve, but there is no sub- 
jective sensation of pain. Electrical stimulation of the exposed human nerve elicits sensa- 
tions analogous to touch and “fast” pain only®. 

From these experimental findings and clinical observations, one would anticipate that 
rapidly applied pressure, sufficient to evoke mechanical stimulation, will first produee 
paraesthesiae, due to stimulation of the proprioceptive, touch, and “fast” pain fibers. If the 
pressure is applied slowly so as merely to cause blocking of the fibers by their physiological] 
interruption, the motor, proprioceptive, and touch fibers will be affected first, followed by 
those of “slow” pain and temperature. 

In the clinical cases of herniation of the intervertebral dise with apparent pressure 
upon the nerve root, this is not the common sequence of events. The first symptom to 
appear is usually pain. This pain is a characteristic deep ache, which usually radiates 
down the extremity in a more or less continuous path corresponding to the affected sclero- 
tome, and is of the order of “slow” pain. Later, evidence of nerve-root compression may 
or may not appear. The onset of compression is indicated by the appearance of clinical 
findings, following the anticipated sequence, supported by experimental investigations, 
Thus, there is loss of vibratory sense and tactile discrimination, hypaesthesia and hypal- 
gesia over the area supplied by the related dermatome, muscle weakness, and reflex changes, 

The predominant symptom of pain, appearing early, is as yet unexplained. As far as 
we are aware, there is no experimental evidence to indicate that pressure alone upon the 
nerve root initiates pain of this characteristic type. It may be suggested that the chemical 
changes associated with inflammation alter the threshold values of the intact nerve at the 
site of the lesion and thereby provoke the onset of pain. This is, however, unproved. Fur- 
ther investigation is certainly necessary before this aspect of the problem is answered, and 
before we possess sufficient understanding to undertake more precise therapeutic measures. 
On the other hand, it has been established that noxious stimuli to the ligamentous strue- 
tures will experimentally produce the deep aching pain which is so characteristic of the 
early stages of sciatica. With these positive observations, one wonders whether or not the 
deep pain may be of a referred nature from the ligamentous structures around the spine 
and the interference of spinal mechanics. Only when nerve-root compression is marked 
does the course of physical findings follow those anticipated from the experimental work. 
Until further investigation is carried out, we are justified in using this conception as a 
working hypothesis in the evaluation of cases of herniated discs. 

Consequently, we are led to a division of patients into three general categories: 

1. Those with backache and local signs and symptoms of injury to the vertebral 
ligamentous structures, who present radiating pain, deep in character, extending down one 
or both extremities. The extent of the radiation is indicative in some measure of the degree 
of irritation or injury to the ligamentous structures. Patients falling into this category 
should be considered as suffering from mechanical derangement of the spine, and should 
be treated by immobilization and support. If the symptoms subside, there is some justifica- 
tion in assuming that the condition has been evaluated correctly. 

2. The second group includes those cases in which the symptoms are identical with 
those found in the first group, but, in addition, reveal definite evidence of nerve-root com- 
pression. In this group, pain is relatively as prominent a phenomenon as is the evidence of 
compression. Here it should be borne in mind that the influence of pressure will interrupt 
nerve conductivity in a precise sequential fashion: The larger fibers conveying proprio- 
ceptive sensation and motor impulses will be affected first; those of pressure, touch, and 
“fast” pain, next; and finally, the sense of temperature and deep pain will be lost. The 
presence in these cases of positive objective evidence of nerve-root compression leaves no 
doubt that treatment should be directed towards the relief of pressure, to prevent per- 
manent damage to the affected nerve root. It should be realized, however, that the mere 
removal of the herniated or displaced dise will not affect the factors associated with liga- 
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mentous irritation, resulting in local backache and the radiation of deep pain to the 
extremities. It is in cases of this category that disappointments occur after operative 
intervention, and additional measures are necessary to protect the injured and painful 
ligamentous structures. 

3. In the third group, the symptoms of backache may be mild or lacking, and radia- 
tion of pain to the extremity is not extensive. On the other hand, the signs of nerve com- 
pression are outstanding. There is muscle weakness with atrophy, definite and unequivocal 
loss of sensation over the appropriate dermatome, and reflex changes. Relatively few cases 
of herniated intervertebral dises fall into this category, but many of the spinal-cord tu- 
mors do. The authors feel that in those cases the major lesion is one of nerve compression, 
and local ligamentous irritation is minimum or lacking. Consequently, removal of the 
pressure agent and decompression of the nerve are followed by almost complete and dra- 
matic recovery, to the gratification of the patient and surgeon alike, if intervention is 
sufficiently prompt. 
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DISCUSSION 


Dr. WittiAM Jason Mixter, Boston, Massacnusetts: It seems to me that one of the most impor- 
tant things to consider this evening is the pathology of the disc, as exposed at operation. We must 
consider the questions of an injury to the ligamentous structures, the tearing of the dise itself and of the 
posterior longitudinal ligament, and the stretching of the posterior ligament. There is also the question 
of compression of the nerve roots. I have not felt that I had demonstrated satisfactorily to my own 
mind a ruptured intervertebral disc unless I have proved compression of the overlying nerve roots. 

Then comes the question of fusion or non-fusion in the treatment of these cases. Most of us who 
are treating these cases do practically the same operation as regards getting out loose tissue after th 
disc has been exposed, but in the matter of fusion or non-fusion there is a considerable difference of 
opinion. One of the important things that has not been spoken of this evening is the question of the 
mortality and morbidity of the combined operation, as compared with the operative procedure for 
removal of the torn disc. The mortality at the Massachusetts General Hospital has been small; I cannot 
tell exactly the number of patients who have died, but I think that all of the patients who have died 
within the last ten years have had the combined operation, and I think that all of the patients died 
primarily of pulmonary embolism. If an operative procedure can be devised which will give satisfactory 
fusion as well as satisfactory removal of the ruptured dise fragments, without undue risk to the patient 
and without undue lengthening of the convalescent period, then I will concur with the idea of fusion 
as part of the primary operation. Before coming to that conclusion, however, we should know how 
many patients who have residual symptoms consider themselves sufficiently disabled so that they would 
accept a second operation,—namely, a fusion. I think that the number is pretty small. We may be able 
to get more information at the Massachusetts General Hospital after studying the whole series of cases, 
which has not been done. I personally am not making the study of the cases at the Massachusetts Gen- 
eral Hospital, but am accepting the results as given by others. That is a very satisfactory way for a 
surgeon to have his results evaluated, because there can be no bias. 

One point has not been stressed in the treatment of intervertebral lesions. In most of these patients 
who are operated upon primarily for pain, the operation is definitely one of election, and of the patient's 
choice. The patient has to make a decision, on the basis of the pain he is suffering, as to whether he is 
willing to continue with the pain—either a steady pain or attacks and remissions of pain—or whether 
he wants to have something done about it. The operation should not be urged upon the patient. An 
operation of this sort should be done for its psychological result on the patient while he is having pain, 
and not during a remission. Motor weakness, however, should be considered a definite emergency and 
the patient should be operated upon at once. Patients who have foot-drop which has been present for 
some time and particularly those who have a transverse lesion of the cauda equina which has continued 
for a considerable period should be studied as soon as possible, because, if the motor weakness is 
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left untreated for a considerable time, the strength never returns. We have a number of these patients 
who have had foot-drop for six months or a year; they do not recover as well as one would hope, and 
some of them never recover. 

At the present time our criteria for fusion or non-fusion in these cases are indefinite. I believe that 
we should consider (1) whether or not the patient must do heavy lifting, (2) the presence of abnormal 
mobility, (3) the presence of a structurally weak lumbar spine, (4) the predominance of back symptoms. 
Asa matter of fact, I am guided to a considerable extent by the desires of the orthopaedic consultants. 

In this way, we are running two parallel series of cases, one with fusion and one without fusion. A 
comparison of these two series should be of real value. 

Considering the amount of fusion purely from the point of view of the neurological surgeon, I should 
feel that, if the fourth dise were ruptured, I would like to have the fourth and fifth lumbar vertebrae and 
the first sacral segment fused. If the disc is higher up, I do not know. Personally, I do not think I 
would want my back fused any higher than the fourth or fifth lumbar vertebra. I would rather take a 
chance than to have fusion done at the third, second, or first lumbar vertebra. I think that what Dr. Love 
has said is true. Myelography must be considered important, not so much for the diagnosis of ruptured 
intervertebral disc, but to give us a clue as to whether we are dealing with a fourth disc, a fifth disc, or 
possibly a third dise, or with multiple lesions. We do not find many multiple lesions at the Massachu- 
setts General Hospital. 

With regard to conservative treatment, each individual case must be taken on its own merits. A 
patient who has fairly bad sciatica and is in danger of becoming a morphine addict should be treated 
conservatively for a much shorter time than the patient who has remissions. Dr. Van Gorder will 
remember a patient whom he and I operated upon primarily because he had trouble in his back every 
time he went grouse shooting. This case was one of the dismal failures. The man was relieved of his 
sciatic pain, but he had terrific pain in his back. He was relieved by a spine fusion. 

I think that the operative treatment of ruptured intervertebral disc has come to stay. I believe that 
the combined operation of fusion and removal of the fractured portion is something which probably is 
coming, although of that I am not sure. 


Dr. THeopore A. WILLIS, CLEVELAND, On10: Vertebral anomalies that affect the stability of the 
lower part of the back predispose the individual to strains and sprains of the muscles and ligaments, 
thereby giving rise to backache with muscle spasm and restriction of motion. Pain arising from con- 
tinued or repeated mechanical irritation of a part may be referred to the areas of distribution of any 
branch of the neuron which supplies the affected part. 

In a review of roentgenograms of 1,500 individuals with and without backache and sciatic pain, 
presented to this Association in 1940, it was noted that vertebral anomalies were not much more preva- 
lent in those individuals complaining of backache than in those who had had roentgenograms for other 
purposes. In my own experience, patients with even extreme degrees of spondylolisthesis, although they 
experience backache with exerticn, are not prone to complain of sciatic pain. 

For these reasons I have been much interested in the late Dr. Dandy’s discussions of low-back pain 
and sciatic pain, and of the treatment of spondylolisthesis, published in the Journal of the American 
Medical Association in 1944 and 1945. 

In the earlier paper, Dr. Dandy discussed twenty cases of defective intervertebral disc, not associ- 
ated with sciatic pain. Sixteen of these cases showed multiple discs, 78 per cent. of which were of the 
hidden type. Dr. Dandy stated that the weakness of the spine which gives origin to defective discs is 
the shift in direction of the planes of the lateral articular processes; and he ascribed to the increased 
mobility of these joints the real source of symptoms, attributing the initial pain to movement of the 


= 


loose lateral facets, the disc being secondarily affected. 

In his discussion of the treetment of spondylolisthesis in 1945, Dr. Dandy expressed the belief that 
the vertebral displacement of spondylolisthesis is usually responsible for only part of the symptoms 
present, or at times for none at all. He stated that, in most instances, not the spondylolisthesis or even 
the dise at its site caused the pain, but rather another dise or discs. Cure of the symptoms, he said, usually 
depends more on the removal of the other dises than of the one at the site of the defect. This opinion 
was based on the findings at operation in twenty cases of spondylolisthesis, in eighteen of which there 
were multiple dises. 

Orthopaedic surgeons have been convinced for many years that anomalous and asymmetrical articu- 
lar processes of the lower lumbar and lumbosacral vertebrae affect the mechanical stability of the spinal 
column and give rise to clinical symptoms. Dr. Dandy ascribed the real source of these symptoms to 
the increased mobility of these anomalous joints, but went further by claiming that the loose joints 
cause dise defects. He insisted that not only the dise at the site of the lesion, but particularly the 
adjacent discs, must be removed to relieve the symptoms; and that removal of the discs is all that is 
needed to accomplish this result. He referred to spondylolisthesis as “but an incident in the field of 
ruptured disks”, and as causing fewer symptoms than the contiguous discs. He stated that “the reason 
for the development of spondylolisthesis is precisely the same as for defective disks, i.e., the outward 
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shift in the lateral articulations in the lower three lumbar vertebrae and nearly always more pronounced 
at the fifth lumbar”. Dr. Dandy thus reverted to the antiquated theory of spondylolisthesis, advanced 
by Neugebauer in 1892, before discovery of the roentgen ray, completely ignoring the true explanation 
of this displacement, as discussed voluminously in the medical literature for more than twenty years, 

While we have on the screen the roentgenogram of a severe case of spondylolisthesis, may I read 
the five conclusions reached by Dr. Dandy in his discussion of the treatment of spondylolisthesis (pub- 
lished in the Journal of the American Medical Association, 127: 137-139, 1945), not one of which can be 
substantiated : 

“1. Subjectively and objectively, spondylolisthesis is precisely like defective intervertebral disks 
Only the x-ray differentiated the two conditions. 

“2... . it is my opinion that spondylolisthesis and defective disks are really identical in origin and 
the treatment is the same; i.e., complete removal of the disks. 

“3. In at least 90 per cent and probably all of the cases there are two or three disks (including the 
one at the site of the spondylolisthesis) causing the backache and sciatica, and a cure depends on the 
recognition and treatment of all the affected disks. The disk at the site of the spondylolisthesis causes 
no more and, on the whole, less symptoms than the other disks. 

“4. A cure results when the disks are completely removed. The end result of removal of the disks 
is fusion of the opposing vertebrae and therefore stabilization of the spine. This obviates the necessity 
of fusion by bone grafts to the spine. . 

“5. Spinal fusions by grafts are never indicated either for spondylolisthesis or for defective inter- 
vertebral disks. Their continued use means that the disks have been improperly recognized or treated, 
or both.” 

A paper published in the Journal of the American Medical Association is read by the great majority 
of practising physicians in the United States, and reaches the libraries in most nations of the world. 
When such a paper is written by a man of international reputation in his field, the statements made 
therein are accepted by the readers as true. For these reasons, I believe that Dr. Dandy’s paper should 
not go unchallenged. I have the greatest respect for Dr. Dandy’s contributions to neurosurgery, but am 
convinced that his discussion of spondylolisthesis is based upon a disproved theory of the etiology of 
that condition. It is difficult to consider seriously any part of a discussion which is based upon so 
blatant a misconception of its subject. 


Dr. BARNES WoopHALL*, DurHAM, NortH CAROLINA: 

A. SENSORY PATTERNS IN THE LOCALIZATION OF DISC LESIONS 

It is apparent from the discussions that have been presented this evening that the diagnosis of a 
classical instance of herniated nucleus pulposus depends upon a consideration of several supplementary 
studies. The statement that any patient with low-back pain and sciatica in all probability has a dise 
lesion is an important one simply because it directs attention to this possibility, but the statement alone 
ean scarcely be called an accurate diagnosis. Neurological changes, if present, can be considered as one 
part of the patient’s reaction to a dise protrusion, and the preoperative sensory component of the neuro- 
logical examination illustrates well its value and its shortcomings in the general diagnostic appraisal. 

The advantages which the examiner may hope to gain from a preoperative survey of the status of 
peripheral sensibility in patients with classical dise protrusions may be listed as follows: 

1. A knowledge of the incidence of significant sensory changes in this syndrome. 

2. A knowledge of what constitutes a significant sensory change in terms of localization and speci- 
ficity of sensory defect. 

3. Some aid in the academic pursuit of defining more closely the peripheral sensory dermatomes 
in man. 

The examination for peripheral sensory changes is required in only a few patients to define the value 
and limitations of this particular phase of disc diagnosis. Such a survey, conducted in 100 consecutive 
patients with unequivocal protruded discs removed at subsequent operations, showed that forty of these 
patients during the period of preoperative study possessed no defect in the common sensory modalities 
of pain, light touch, heat and cold, or sense of position. In forty-two, sensory changes existed that were 
considered of value in localizing the interspace where dise protrusion had occurred; and in the remaining 
eighteen cases, the sensory findings were either spotty in distribution over peripheral dermatomes or 
existed as false localizing signs. The exact distribution of the cases is shown in Table I. 

There is no ready explanation for the fact that a significant number of patients with classical rup- 
tured dises fail to show evidence of preoperative sensory defects. It is obvious that such examinations 
are conducted over only a brief time phase of the preoperative development of the lesion, and clinical 
experience indicates that sensory loss and its subjective companion, paraesthesia, may vary during this 
time period. No adequate correlation with other components of the neurological examination—motor 
loss and reflex changes—or with the duration and intensity of sciatic pain appears possible. The vari- 


* From the Neurosurgical Division of the Duke Hospital and Medical School, Durham. 
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TABLE I 


INCIDENCE AND LOcALIZING VALUE oF SENSORY Loss IN 100 Provep Cases or Disc Prorrusion 


No Sensory Sensory Loss Without Sensory Loss With 


Interspace Loss Localizing Value Localizing Value 
Third lumbar 1 2 0 
Fourth lumbar 19 10 19 
Fifth lumbar 20 6 23 
Totals 40 18 42 


ability in the extent of the sensory patterns, when they do appear, is suggestive evidence that the degree 
of root compression is the limiting factor in the appearance or non-appearance of sensory changes, a 
fact that cannot be fully evaluated by gross inspection of the protruding disc fragment at operation. 

The distribution of the sensory dermatomes in man has been studied by Déjerine, Head, Foerster, 
and recently by Keegan (Figs. 1, 2, and 3). They have been described following differential root section, 
stimulation of divided posterior roots, chemical irritation of cord segments, after the appearance of 
herpes zoster, after trauma, and after operative resection of sensory roots, involved in neoplastic 
growth or compressed by a dise fragment. The method used by Foerster of isolation of a single root 
by rhizotomy of the adjacent caudal and rostral roots, following the experimental work in monkeys 
reported by Sherrington, has demonstrated, in all probability, the most accurate picture of the lumbo- 
sacral dermatomes pertinent to disc surgery. 

Two points in Foerster’s work are of significant import to neurosurgeons interested in defining the 
sensory patterns characteristic of disc compression. In the first place, it is apparent that there is con- 
siderable overlap in the distal distribution of the sensory dermatomes of the fourth and fifth lumbar 
roots, innervating the large toe and the dorsomedial aspect of the foot. Clinical experience with dise 
lesions at the fourth lumbar interspace, involving the fifth lumbar root, has shown, however, that in- 
volvement of the great toe, dorsum of the foot, and anterolateral aspect of the calf, either by subjective 
sensory changes or hypalgesia, is of specific diagnostic aid. Involvement of the anterolateral aspect of 
the calf was observed more frequently in this particular series than was that of the large toe and dorsum 
of the foot. There may be considerable variation in the sensory patterns in the calf. Unless the large toe 
and dorsum of the foot are involved, the sensory patterns observed before operation in dise compres- 
sions of the fifth lumbar root at the fourth lumbar interspace are not of specific or of localizing value 
(Fig. 4). 
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Fig. 1: Distribution of the sensory dermatomes of the fourth and fifth lumbar and first sacral 
roots (adapted from Déjerine and Tilney and Riley*”). 

Fig. 2: Well-demarcated sensory dermatomes and denial of overlap in Keegan’s chart’. The 
rostral extension of the dermatome of the fourth lumbar root illustrates, in part, this phase of 
his study. 
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Fia. 3 
Unusual sensory dermatomes, described by Head* in cases of herpes zoster and as a result of 
trauma. Considerable overlap of sensory dermatomes of the fourth and fifth lumbar roots may 
be seen *. Compare with Fig. 4. 


The remarkable sensory overlap of the dermatomes of the fourth and fifth lumbar vertebrae is 
denied in Keegan’s chart, in which that of the fifth lumbar root is demarcated distally to the second, 
third, and fourth toes and the dorsum of the foot. The probability of this variant is substantiated by 
Bradford and Spurling in Figure 34 of their monograph upon dise surgery, and has been noted in scat- 
tered individuals in this series. Keegan has reported the fourth lumbar dermatome as involving the 
large toe and dorsum of the foot, a distribution that he considers characteristie of disc herniation at the 
third lumbar interspace. In the few disc protrusions at this level, no localizing sensory patterns have 
been seen in this series; and, in 
most instances, the diagnosis has 
been made by myelography. 

Foerster did not show an ex- 
tensive rostral distribution in the 
sensory dermatomes of the fourth 
and fifth lumbar and the first sacral 
roots, although narrow patterns of 
sensory loss extending from the foot 
to include the posterior aspect of 
the leg and thigh are pictured with 
rhizotomy of the second sacral, and 
with combined rhizotomies of the 
first, second, and third sacral. Sym- 
metrical bands of sensory alteration, 
extending from appropriate areas of 





the foot to the spine, are pictured 
for the first time by Keegan. The 
existence of such unusual and strik- 
Sensory patterns with disc protrusions at the fourth lumbar ing sensory patterns appears indis- 
interspace, compressing the fifth lumbar root. Incomplete pat- 
tern, pointing toward the great toe and involving dorsum of 
the foot, is shown at left. Second figure shows characteristic ; ; 
involvement of great toe. Note overlap upon central toes, as sought for by meticulous examina- 
compared with previous dermatome charts. The hypalgesia tion for diminution in the modality 
over the calf is, in most instances, situated more laterally. 
Third view shows involvement of great toe and palmar 
surface of foot. Compare with Foerster. At the right is shown singer 
another instance of involvement of great toe, dorsum of foot, patterns considered characteristic of 
and lateral aspect of calf. Note rostral extension of the sen- compression of the first sacral sen- 
sory pattern, as described by Keegan. 


Fic. 4 


putable in certain cases of dise com- 
pression, if these instances are 


of light pain perception. They are 
shown most clearly in the sensory 


sory root. 
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There is little dispute concern- 
ing the distal distribution of the 
sensory dermatome of the first sac- 
ral root. Overlap is minimal and, 
with compression of this root, alter- 
ations of normal sensibility may be 
expected over some part of the lat- 
eral three toes and over the lateral 
aspect of the foot. When such 
changes are found in a suspected 
dise lesion, their localizing value is 
evident. This statement must be 
qualified by the fact that, in two 
instances of herniation at the fourth 





lumbar interspace, sensory changes 

characteristic of involvement of the Fic. 5 

first sacral root were found, suggest- Sensory patterns with dise protrusion at the fifth or lumbo- 
sacral interspace, with compression of the first sacral root. A 


ing a more medially placed protru- : 
: fairly characteristic pattern, involving lateral toes, lateral as- 


sion. In half of the eases in this rect of foot, and posterolateral calf, is shown at the left. Sec- 
series showing distal sensory pat- ond view shows rostral extension of a similar sensory pattern 
terns characteristic of involvement to involve the posterior aspect of the thigh. At the mght may 


be seen splitting of a sensory pattern with possible involve- 


of the first sacral root, the sensory . ne 
‘ ment of the lower sacral roots. The burn occurred in an area 


loss could be demonstrated rostrally of analgesia. 
as a narrow or wide band, extending 

up the posterior and lateral aspects of the leg and thigh, terminating at the mid-line of the lumbo- 
sacral spine. In some instances, involvement of the sensory roots of the second and third sacral may 
have been responsible for this phenome non, but in a considerable number, the band of hypalge sia lay 
too far ventrally to fit the customarily accepted dermatomes of the second and third sacral roots (Figs. 5, 
6, and 7). 


Y —_— 
Conclusions 


The preoperative sensory patterns seen in instances of classical disc protrusion are depé ndent upon 
at least the two factors of varying compression and the well-recognized overlap of sensory dermatomes 
They may be influenced further by the location of the dise protrusion in any single inte rspace and by 
single or multiple root compression. Such patterns cannot be compared with those obtained by 
rhizotomy, although in many instances they are quite similar in distribution. 

Roughly, half of the patients with indisputable dise protrusions show sensory changes that are of 





Fic. 6 Fic. 7 


Fig. 6: Rostral extension of sensory pattern over buttocks to mid-line of lumbosacral spine may 
be seen at left. Center view shows evidence of splitting of a sensory pattern, similar to those por- 
trayed in the other two views. At right is seen another instance of a symmetrical rostral extension 
of a classical first sacral dermatome, placed more ventrally than the customary dermatomes of th 
second and third sacral roots. 

_ Fig. 7: Classical sensory pattern of almost complete transverse protrusion at the lumbosacra 
interspace, involving the first sacral roots and distal sacral segments. 
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TABLE II 
HERNIATED Nuc.teus PuLposus 
(Status as of About August 1, 1944, of Patients Admitted During 1943) 
Discharged up to 


Operations Performed Total Cases Still in Service August 1, 1944 
During 1943 in Sample August 1, 1944 : ; 
Number Per Cent. 


ENLISTED PERSONNEL 
None 328 72 256 78 
Excision of herniated 
nucleus pulposus 
(including laminectomy) 126 87 39 31 


Miscellaneous or unknown 29 7 22 76 


Total cases among enlisted 


personnel 483 166 317 66 
OFFICERS 
Patients operated upon 32 | 32 0 0 
Total cases among officers 59 | 50 9 15 
Total cases (enlisted men 542 


and officers) 


diagnostic and localizing value. The scarcity of protrusions at the third lumbar interspace makes 
analysis difficult, and the few cases observed showed no characteristic alterations. Protrusion of th 
dise at the fourth lumbar interspace, involving the fifth lumbar root, usually gives evidence of compres- 
sion of this root by hypalgesia over the great toe and the dorsum of the foot, perhaps more frequently 
with sensory diminution over the anterolateral aspect of the calf. Due to dermatome overlap, unusual 
sensory patterns may occur, diminishing the localizing value of such patterns in protrusions at the 
fourth lumbar interspace. With few qualifications, involvement of some part of the lateral three toes 
and the lateral aspect of the foot suggests a dise protrusion at the fifth lumbar interspace, involving the 
first sacral nerve. A high proportion of such cases will show further a rostral extension of the zone of 
hypalgesia over the lateral aspect of the calf and thigh, spreading posteriorly over the buttocks to the 
mid-line of the lumbosacral spine. 


B. PRELIMINARY APPRAISAL OF ARMY RESULTS * 

Between the early part of 1942 and September 1, 1945, 2,858 cases of rupture of the intervertebral 
disc were treated by operation in the Neurosurgical Centers of the Zone of the Interior. They comprised 
approximately 10 per cent. of the total operative load of 29,833 neurosurgical lesions treated during the 
same period. The final end-result study of this, as well as of other neurosurgical injuries of military 
import, will be a function of the Veterans Administration or will be conducted under the auspices of 
the National Research Council. The present appraisal, conducted during the war years, was designed 
solely to evaluate the ability of the soldier to remain on a duty status after operation. The statistics 
under discussion in this article were secured by The Surgeon General’s Office. They demonstrate the 
size of the problem during the year 1943 and the status of patients so treated as of about August 1, 1944 
(Table II) and as of February 1945 (Table III). 

There were 2,415 cases diagnosed as herniated nucleus pulposus, representing one out of every 2,000 
enlisted men. In addition, officers accounted for about 11 per cent. of all admissions for herniated 
nucleus pulposus, an admission rate slightly higher than that for enlisted personnel. A 20 per cent. 
sampling of the cases gave the following results: 

Of the 483 cases of enlisted personnel in the sample, 166 were still in Service on August 1, 1944, and 
317 had been discharged, a discharge percentage of 66. 

Among 328 patients not operated upon, seventy-two were still in Service; the discharge percentage 
was 78. Of the 126 patients operated upon, eighty-seven were still in Service; the discharge percentage 
was only 31, which compared favorably with current civilian statistics. 

Among fifty-nine officers in the sample, fifty remained in Service; the discharge percentage was 
only 15. Of thirty-two officers in the sample who had been operated upon, all returned to duty. These 
figures correlate closely with statistics secured at the Walter Reed General Hospital, which showed a 

* Data presented in this discussion were derived from the Surgical Consultants Division, Office of 
The Surgeon General, Washington, D. C. 
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TABLE III 
HERNIATED Nuc.Leus Pu.posus 
(Status as of February 1945 of Patients Admitted During 1943) 


Method of Treatment 
All Cases 


Excision or Laminectomy No Operation 
Per Per Per 
No. Cent. Total No. Cent. Total No. Cent. Total 

Enlisted men 

In Service 90 50 40 

Separated 360 80 450 83 62 113 277 87 317 
Officers, male 

In Service 44 28 16 

Separated 18 29 62 11 28 39 7 30 23 
Females 

In Service 5 3 2 

Separated 3 38 8 1 25 4 2 | 50 4 
Total 

In Service 139 81 58 

Separated 381 73 520 95 54 176 286 83 344 


discharge percentage of less than 10 among officers. These statistics suggested that Army neurosurgeons 
were doing a fairly good job during 1943 in the rehabilitation of patients with disc injuries. There were 
two extraneous factors favorable to these results, above and beyond the professional problem. In the first 
place, the Army needed restricted-duty personnel, and for this reason there was considerable pressure 
upon surgeons to return the men to duty. In the second place, officers, with their obviously greatet 
reward for return to duty, ranked as an easier group for rehabilitation. 

The picture changed considerably during the latter half of 1944 and the early part of 1945. Direec- 
tives were issued, stating in effect that all patients operated upon for herniated nucleus pulposus should 
be returned to permanent restricted duty, under the profile supplement of Mobilization Regulations 
1-9, issued May 22, 1944. Furthermore, under War Department Circular No. 212, dated May 29, 1944, 
the return to duty of a patient without special qualifications, who could not do a full day’s work, was 
prohibited. This change in the manpower requirements of the Army was quickly recognized by patients, 
and increasing difficulty was experienced in securing alleviation of symptoms. In the second place, 
these patients did not respond well to the reconditioning program, which did not appear well adapted 
for the care of low-back injuries. (This phenomenon was also noted in England.) In many instances, 
the symptoms recurred, and many men were readmitted to the hospital. 

A re-evaluation of the cases of herniated nucleus pulposus treated in 1943 (Table IL), again by the 
method of a 20 per cent. sampling of the entire group, was carried out by the Medical Statistics Division 
of The Surgeon General’s Office on March 24, 1945. The percentage of patients discharged after oper- 
ation had by then risen from 31 to 54, and the total percentage of the patients who were discharged, 
both operative and non-operative cases, had risen from 66 to 73 (Table III). This reflected, in all 
probability, the influence of personnel requirements upon a neurosurgical problem, as well as the inability 
of patients with this syndrome to withstand the various difficulties of Army life. 

Nore: The speaker is indebted to Guy Odom, M.D., for several of the clinical photographs of pre- 
operative sensory patterns. 
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Dr. Hatrorp Hattock, New York, N. Y.: The occurrence of a very large proportion of disc herni- 
ations in the lumbosacral area suggests that the vulnerability of this region to strain is related to the 
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TIBIOTARSAL ARTHRODESIS AFTER ASTRAGALECTOMY 


A Report or E1icgut Cases 


BY J. C. CARMACK, M.D., SAN BERNARDINO, CALIFORNIA, 
AND HALFORD HALLOCK, M.D., NEW YORK, N. Y. 


From the New York State Reconstruction Home, West Haverstraw, New York 
INTRODUCTION 


Tibiotarsal fusion has been designed to correct certain structural deformities and to 
overcome functional disorders which sometimes develop in feet after astragalectomies, 
The objectives are accomplished by remodeling and fusing the joint space between the 
tibia and the caleaneus, and by fusing the navicular to the tibia and the cuboid to the 
calcaneus. It is a revisionary measure, and is used only after astragalectomy has failed. 

The first astragalectomy was performed by Fabrig!, in 1608, for a severe compound 
dislocation. He found, to his astonishment, that his patient made a good recovery and 
was able to walk without support. The full possibilities of this important observation 
remained hidden, however, for nearly three centuries, until Whitman re-introduced the 
procedure and demonstrated its practical application in the treatment of crippled children. 
The operation was a major contribution, and soon had a great surge of popularity. It was 
used by many surgeons, possibly for many different disorders of the foot; and conse- 
quently, as might be expected, some of these operations failed. Snedecor, recently reporting 
on reconstruction of the foot and ankle following war injuries, cited three cases in which 
astragalectomy had been performed. In one of these cases the result was fair and in one 
it was reasonably good; in the third case, Snedecor frankly stated that an eventual tibio- 
caleaneal arthrodesis would probably be necessary. 

The incidence of astragalectomy failures is apparently not great; but, if the operation 
fails, the concomitant deformity and disability are often of such magnitude as to require 
revision. In this revisionary capacity, tibiotarsal arthrodesis has found its important role; 
and the operation is, at this moment, a useful and necessary surgical measure. 


DISABILITY 


The purpose of this paper is not to discuss the principles governing the choice of 
astragalectomy, nor to attempt an analysis of the reasons for its failure. This has been 
admirably done by Thompson in a critical re-examination of 100 old astragalectomies and 
a review of the records of more than 2000 cases. The failures are characterized by pro- 
nounced deformity, pain, or instability; one or all of these may be present. 

Deformity: Every case of extirpation of the talus presents a characteristic appear- 
ance. There is moderate unsightliness of the ankle and some shortening of the foot and 
leg, due to loss of the bone. Dorsiflexion is limited, or even absent, because of tibiotarsal 
block or fibrous ankylosis. In the astragalectomy failures, more or less severe deformity 
is the rule. Equinus is generally present, and is due to severe plantar flexion of the fore 
part of the foot. Often there is also a marked position of talipes caleaneus (Figs. 1-A and 
3-A). The longitudinal arch is elevated and the metatarsal heads are more closely ap- 
proximated to the heel. The tarsal portion of the foot has been moved dorsally. The 
plantar fascia is usually contracted, and it appears that the intrinsic flexors have pulled 
the calcaneus forward and tilted it upward. In some cases there is inversion and twisting 
of the fore part of the foot; while in others eversion is present, with outward turning of 
the foot and depressing of the longitudinal arch. Muscle imbalance, in the presence of the 
stress and strain of weight-bearing on a shortened and already weakened limb, is thought 
to be the cause of these deformities. 


476 THE JOURNAL OF BONE AND JOINT SURGERY 





; and to 
ctomies, 
‘een the 
1 to the 
ailed. 
mpound 
ery and 
rvation 
ced the 
hildren, 
It was 
| conse- 
‘porting 
n which 
1 in one 
il tibio- 


eration 
require 
nt role; 


oice of 
as been 
ies and 
»y pro- 


uppear- 
ot and 
otarsal 
‘ormity 
he fore 
-A and 
aly ap- 
y. The 
pulled 
wisting 
ning of 
of the 
hought 


SURGERY 





TIBIOTARSAL ARTHRODESIS AFTER ASTRAGALECTOMY 477 


Pain: Although pain is not a constant finding, it sometimes occurs after astraga- 
lectomy, and, when present, is explained upon the basis of excessive strain, synovitis, 
traumatic arthritis, or instability of the tibiotarsal joint. It may be quite disabling. 

Instability: Loss of stability results from muscle imbalance, deformity, or both. 
When this condition exists, stabilization is indicated, even though excessive deformity 
may not be present. 

All these obnoxious factors may cause impairment of gait, decrease in function, and 
loss of endurance. Tibiotarsal arthrodesis rectifies these factors by correcting the de- 
formity and stabilizing weak and painful joints. 


OPERATIVE PROCEDURES 


Surgical approach is made through an anterior longitudinal incision over the tibio- 
ealeaneal joint. Sufficient exposure is needed to view well the anterior borders of both 
malleoli, as well as the articular surfaces of the tibia, the calcaneus, the navicular, and the 
caleaneocuboid joint. As the caleaneocuboid joint may be laterally placed, it is sometimes 
advisable to expose this joint through a separate incision over it. All cartilage, and the 
fibrous and fibrocartilaginous tissue are completely removed from the articular spaces. 
Correction of deformity is obtained by removing bone substance in sufficient amounts to 
allow restoration of good weight-bearing alignment of the foot with the leg, and to correct 
any malignment between the fore and rear portions of the foot. Every attempt must be 
made to adjust the foot as accurately as possible, placing it in exact neutral position or, 
better, in slight valgus and in proper equinus. When properly fitted, the raw bony surfaces 
of the joints are approximated; and supplemental bone, in the form of chips, obtained 
from the anterior surface of the tibia above the joint, is distributed across the lines of 
arthrodesis to facilitate prompt union. 

The degree of equinus is of major importanee. In most instances a position of 95 de- 
grees (Fig. 4-B) for boys and 100 degrees for girls is the optimum position for a stiff ankle, 
since at these angles walking is easy and the gait is nearly normal, provided mobility of the 
anterior tarsal and metatarsal joints is preserved. Fusion at a right angle is not desirable, 
since it produces an awkward caleaneal gait. Equinus in excess of 10 degrees is undesir- 
able, because of the resultant undue strain on the tarsometatarsal region and because of 
the difficulty of barefoot walking. 


CASE REPORTS 


Case 1. C.S., a white girl, was born on February 3, 1929. She had poliomyelitis at the age of three 
with resulting severe paralysis of both lower extremities. Several surgical procedures had been necessary, 
including bilateral astragalectomy at the age of eight years. At the age of twelve, the right foot showed 
no evidence of muscle power. Mild cavus, moderate varus, 2nd 10 degrees of equinus were present, with 
pain on weight-bearing because of lateral instability. Since she wore no brace on this side, an operation 
was advised for increased stabilization. Tibiotarsal fusion was performed at the age of twelve——fouw 
years after astragalectomy. Solid union was obtained; and at the last examination, five years after the 
surgical revision, the foot was in a position of 95 degrees. There was no cavus or pain; and the foot was 
stable, although still in slight varus. 

Case 2. V. W., a white girl, was born June 18, 1924. She had an attack of poliomyelitis at the ag 
of three years, with marked residual paralysis of both lower extremities. At the age of fifteen years, 
having previously had an astragalectomy on the right, her foot was in moderate valgus and severe cavus 
(Fig. 1-A). Revision was necessary for correction of the deformity; and a tibiotarsal arthrodesis was 
attempted, but fusion failed. Two years later the foot was in equinus, marked calcaneus, and varus 
A second revision was done on September 4, 1941. Good correction was obtained and prompt fusion 
resulted. When last examined, eight months after the last revision, the foot was at 98 degrees; it was 
stable, free from pain, and in very slight valgus (Fig. 1-B). 

Case 3. R. W., a white male, was born October 14, 1928. He suffered poliomyelitis at the age of 
seven years, with severe residual involvement of both lower extremities. Astragalectomy was performed 
on the right foot at the age of nine years. Four years afterward there was marked cavus, adduction of 
the fore part of the foot, and varus of the heel (Fig. 2-A). Tibiotarsal fusion of the right foot was done 
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on August 7, 1941, at the age of thirteen, for purposes of stabilization and correction of the deformity 
(Fig. 2-B). Three years after revision, the foot was still solid in a position of 100 degrees and the patient 
had no pain. Slight varus and slight adduction of the fore part of the foot were present. 

Case 4. L. G., a white female, born February 7, 1931, had poliomyelitis at the age of seven months 
which left her with severe residual paralysis of both lower extremities. A right astragalectomy was per- 
formed at the age of nine years. She returned four years later, with equinus of the fore part of the foot 
of 125 degrees. Tibiotarsal arthrodesis was carried out on August 27, 1943, for correction of equinus 
deformity. The patient was last examined on December 7, 1944, at which time the foot was at 115 degrees 
stable, and painless. 

Case 5. J. B., a white male, born October 27, 1931, had poliomyelitis at the age of two years 
Astragalectomy was done on the right foot at the age of five. At eleven years the foot was in equinus of 
150 degrees. Tibiotarsal fusion was performed on August 12, 1943, six years after astragalectomy. At last 
examination, three years after surgical revision, the right foot was in a position of 90 degrees, and was 
stable and painless. 

Case 6. C. N., a boy, born January 3, 1928, had poliomyelitis at the age of three years with per- 
manent involvement of both lower extremities. Right astragalectomy was done at seven years of age, 
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Fic. 1-A 
Case 2, V. W. Roentgenogram of right foot at the age of fifteen years,—several years after 
astragalectomy. 





Fig. 1-B 


Shows same foot after tibiotarsal fusion. 
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followed by left astragalectomy four months later. At the age of fourteen he returned with the right 
foot in varus, adduction of the fore part of the foot, caleaneus, and cavus. The ankle was unstable; he 
wore a brace on the right and used crutches. Tibiotarsal arthrodesis was done on the right on June 18, 
1942. Good correction was accomplished, and prompt union followed. The patient was able to discard 
the brace, although he continued to use crutches. At last examination, three years after the revision, the 
right foot was neutral laterally, in a position of 100 degrees, stable and free from pain. Although the 
muscle power at the right knee was zero, he was able to get along with the help of crutches, but without 


the use of a brace. 

Case 7. E. K., a white male, was born December 27, 1912. He had poliomyelitis at the age of four 
years with residual paralysis, confined to the left lower extremity. He wore a brace for support until he 
had an astragalectomy at the age of fifteen years, after which he was able to discard the brace. Over the 
passing years, however, the foot gradually assumed a position of deformity and pain developed, espe- 





Fig. 2-A 


Case 3, R. W. Roentgenogram of right foot, four years after astragalectomy. 





Fic. 2-B 


Same foot, twelve weeks after tibiotarsal fusion. 
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Fic. 3-B 
twelve weeks after tibiotarsal fusion. 
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cially when the patient walked up a hill or climbed stairs. At the age of thirty-three years, eighteen years 


after astragalectomy, the fore part of the left foot was in severe equinus of nearly 180 degrees (Fig. 3-A). 
A special shoe had been 


The plantar fascia was tight and contracted; there were cavus and calcaneus. 
Excellent correction and 


necessary for years. Tibiotarsal arthrodesis was performed on March 21, 1946 
alignment were obtained and prompt fusion resulted. Twelve weeks after the operation (Fig. 3-B), the 
patient was supplied with a regular shoe, given a three-fourths-inch lift to the heel, and weight-bearing 
was permitted. The foot is now well corrected, stable, and free from pain. No special shoe is needed. 
Case 8. J. G., a white male, was born February 27, 1930. He had poliomyelitis at the age of two 
years with permanent residual involvement of both lower extremities, particularly the right. Astragalec- 
tomy was performed on the right at the age of seven years. Further reconstructive surgery was per- 
formed later upon the right lower extremity, above the foot. At the age of sixteen years, the foot was 
stable laterally, but the heel did not touch the floor and the patient walked with drop-foot gait (Fig 
4-A). Tibiotarsal arthrodesis was done on March 21, 1946. Good alignment was obtained, and prompt 
fusion resulted with the foot at 95 degrees. Twelve weeks after the operation, roentgenograms showed 
that fusion was present (Fig. 4-B). The patient was therefore supplied with a regular shoe, and weight- 


bearing was permitted. 





Fic. 4-A 


Case 8, J. G. Roentgenogram of right foot, nine years after astragale ctomy 





Fic. 4-B 


Same foot, twelve weeks after tibiotarsal fusion. 
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ANALYSIS OF CASES 


All of the eight patients were paralytics, who had had poliomyelitis at an early age 
with permanent disability of the lower extremities. Five were males .and three were 
females. Seven of the eight revisions were on the right side, although two of the patients 
had had bilateral astragalectomies. The onset of the poliomyelitis had been between seven 
months and seven years of age. The astragalectomies had been done between the ages of 
five and fifteen years. The revisions had been performed between the ages of eleven and 
thirty-three years, and averaged a little over seven years after astragalectomy. Before 
revision, two patients had pain on weight-bearing, two presented caleaneus, and four 
equinus,—which was severe in two. Four had cavus deformities, two of which were severe, 
Four feet showed varus and one valgus. After revision by tibiotarsal fusion, none of the 
feet were painful and all were stable. Satisfactory correction of deformity was obtained 
in every instance; the average position of the foot for females was 102 degrees; for males, 
it was 98 degrees. One patient was enabled to discard a brace after the operation, and all 
patients were definitely improved. In this series, arthrodesis occurred in each case without 
delay. In one patient, caleaneotibial arthrodesis had previously been attempted for pur- 
poses of revision, but had failed. 


SUMMARY 


In extirpation of the talus, in addition to the noticeable disfigurement of the ankle, 
some shortening of the extremity occurs with limitation of dorsiflexion. Disabling de- 
formity occurs in some cases. Some ankles are definitely not stable, and consequently are 
painful. Deformities, especially if severe, demand operative correction, if all the criteria 
of a good foot and ankle are to be satisfied. This can be accomplished by tibiotarsal fusion. 
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OSTEOID OSTEOMA ASSOCIATED WITH CHANGES IN ADJACENT JOINT 


Report Or Two Cases* 


BY MARY S. SHERMAN, M.D., CHICAGO, ILLINOIS 
From the University of Chicago, Department of Surgery . 


In 1935 Jaffe first recognized the clinical and pathological entity which he named 
osteoid osteoma. Since that time, it has become obvious that the condition is by no means 
a rarity, and case reports have appeared with increasing frequency!*. 

The general characteristics of this lesion, which several times have been presented in 
detail, are now well known***, Although it may be seen at any age, it is most common in 
patients between ten and thirty years old. It has been noted in all parts of the skeleton ex- 
cept the ribs and the skull, but its favorite sites are the long bones of the lower extremity. 

The chief clinical complaint is of pain, which at its onset may be fleeting, but which 
gradually becomes constant and severe. It is usually worse with exercise, is most acute at 
night, and often prevents sleep or awakens the patient. If the lesion is superficial, there 
may be moderate swelling, but no signs of inflammation appear. There is acute point 
tenderness at the exact site of the lesion, and the ability to localize the trouble accurately 
is characteristic even in very young patients. There are no systemic symptoms or signs, 
and the appearance of fever or leukocytosis should cast doubt upon the diagnosis. The 
roentgenograms show distinctive changes when the lesion is fully developed, but it may 
be normal in the early stages of its evolution. The main portion of the eccentric lesion is 
radiolucent. The periphery is marked by a ring of dense bone, and the center may also be 
dense. The regional bone about the osteoid osteoma always becomes hypertrophied. In 
cancellous bone, the surrounding sclerosis is never so marked as that seen when the lesion 
is at or near the cortex, where the hypertrophy may be enough to obscure the nidus. 

The lesions do not grow appreciably even over a period of years, but they tend to 
become increasingly painful and disabling. They respond dramatically to surgical removal, 
and show no tendency to spread or to recur. 

The pathological picture is also unmistakable. There is always a background of very 
vascular fibrous tissue in which giant cells, osteoblasts, and osteoclasts are scattered. In 
this stroma there arises an irregular Paget-like pattern of trabeculae, which are in large 
part composed of osteoid tidsue. Slowly and irregularly the osteoid tissue calcifies to 
become bone which is mixed with the osteoid tissue. 

Occasionally, a lesion which is situated near a joint will produce changes in that joint 
which may be severe enough to result in hypertrophic arthritis. In osteoid osteoma of the 
spine, these changes nearly always appear in the small joints, and several such cases are 
being reported elsewhere. Among the thirty-three cases diagnosed at the University of 
Chicago clinics are two in which marked changes occurred in major joints. These two 
cases form the basis of this report. 

Case 1. J. M., a sixteen-year-old girl, was first seen in December 1944, because of pain in the right 
hip, which had begun two years before. At first the pain was intermittent and was noted when she arose 
after sitting for long periods. Six months later, she began to limp, and the pain gradually became more 
severe. For a year before her admission, there was an almost continuous dull ache about the hip which 
radiated to the lower part of the back on the right side and also, occasionally, down the inner aspect of 
the right thigh. The patient was frequently awakened at night by pain. There was no history of 
systemic disease or of trauma. A loss of twenty-five pounds during the preceding year was ascribed to 
her difficult domestic arrangements, which had led to actual malnutrition. 

The physical examination disclosed no abnormalities except of the right lower extremity. There 
was no atrophy, but the patient walked with a limp. All movements of the right hip were limited, and 
any attempt to produce a full range of motion caused pain. There was tenderness to deep palpation at 


*This work was supported by the Douglas Smith Foundation. 
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Fic. 1-A Fig. 1-B 


Fig.1-A: Case 1. There are two oval areas of decreased density at the inferior border of the 
subcapital region of the femoral neck. There is marked sclerosis of the medial surface of the neck 
and shaft below these areas. Note that the articular cartilage space is slightly narrowed and that 
there is lipping at the margins of the femoral head. 

Fig. 1-B: Postoperative roentgenogram. 


the lower border of the glutaeus maximus. Reflexes 
and sensation were unaltered. The knee joint and the 
ankle joint appeared normal. Routine laboratory ex- 
amination revealed a moderate hypochromic anaemia 
and a positive tuberculin reaction. Chest roentgeno- 


grams were normal, and there was no fever. Roent- 
genograms of the pelvis revealed two oval areas of 
decreased density on the medial aspect of the neck of 
the right femur. Around and below these areas there 
was sclerosis of the regional bone. There were mild 
degenerative changes in the hip joint, as evidenced by 
a slight narrowing of the cartilage space and lipping at 
the margins of the femoral head (Fig. 1-A). 

At operation a few days later, the joint was first 
entered anteriorly. The synovial membrane showed 
marked villous proliferation, and the joint space con- 
tained about 100 cubic centimeters of clear xantho- 
chromic fluid. There was marginal osteophyte forma- 
tion about the head of the femur, but the articular 
cartilage appeared to be normal. Specimens of the 

. —— synovial membrane and of the cartilage were removed 

Fig. 1-C for biopsy, fluid was taken for examination, and the 

‘ Fourteen months after operation. The opera~ wound was closed. Because of the possibility that the 

tive defect is partially filled in. The previously ‘ 

noted hypertrophic changes in the joint are 
more marked. 





bone lesion was infectious, the trochanteric region of 
the femur was then exposed through a separate inel- 
sion, and the lower portions of the interior of the 
femoral neck were explored. All the bone that had shown changes by roentgenogram was removed, but 
no definite lesion could be identified grossly (Fig. 1-B). The wound was closed routinely. 

The patient was immediately relieved of her pain, and she commented upon this as soon as she 
awakened from the anaesthetic. Healing was uneventful. Culture and guinea-pig tests of the material 
removed from both operative sites were negative. The bone defect filled in slowly without return of 
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OSTEOID OSTEOMA WITH JOINT CHANGES 


Photomicrograph (x 96) of the edge of the lesion shows irre gularly calcified osteoid tissue a; 
vascular fibrous stroma 6; and normal regional bone c. 


r 


Fig. 1-E 
Photomicrograph (< 112) showing marked degeneration of the articular cartilage of the femoral 
head. The oblique split is an artifact. 
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_ Photomicrograph (< 58) of synovial membrane of the hip joint, showing thickening and pro- 
liferation, engorged blood vessels, heavy infiltration with chronic inflammatory cells, and fibrin 
deposits. 


pain, but the limitation of motion, which was due to the hypertrophic changes in the joint, is still 
present (Fig. 1-C). 

Sections of the bone chips removed from the femoral neck showed, in addition to the regional 
sclerosis, a small central lesion which contained, in a background of vascular fibrous tissue, masses of 
relatively acellular pink-staining material which had the appearance of osteoid tissue. This tissue was 
irregularly calcified both at the center and also at the periphery of the lesion. Giant cells were present, 
but were not numerous (Fig. 1-D). Section of the articular cartilage from the lower margin of the head 
showed the extent of the degenerative changes (Fig. 1-E), while Figure 1-F showed the proliferation and 
intense chronic inflammation of the synovial membrane. 


Case 2. E.G. This boy of thirteen years was first seen in August 1945, complaining of pain in his left 
elbow, which had begun three months before. This pain was intermittent and lasted only a few seconds 
It was aggravated by activity and relieved by heat. Swelling, which had been present since the onset, 
increased and motion gradually became restricted. There was no history of trauma, but the patient had 
recently recovered from a prolonged illness with scarlet fever. 

Physical examination revealed moderate swelling of the left elbow joint, which was distended with 
fluid. The joint was not hot, nor was there specific tenderness. Flexion and extension were both limited 
by about 20 degrees and any attempt to increase this range caused generalized pain. There was no 
atrophy, and the neurological examination was normal. Laboratory examinations were normal except for 
a persistently elevated sedimentation rate (25-38 millimeters per hour). Chest roentgenograms revealed 
no abnormalities, and there was no fever. The skin tuberculin test was twice negative. Fluid, aspirated 
from the joint on several different occasions, contained no organisms; there was no growth on culture, 
and tuberculosis was not produced in a guinea pig. 

Roentgenograms of the elbow revealed a slight thickening of the lower end of the humerus and at 
irregularity of the ossification center of the trochlea (Fig. 2-A). The arm was immobilized in a plaster 
dressing, and the child was followed in the Out-Patient Department. 

For the next five months the patient was without any appreciable change in symptoms, findings, oF 
roentgenographic appearance. However, in February 1946, nine months after the first symptoms, the 
roentgenogram showed a distinct lesion in the olecranon fossa (Fig. 2-B). This round lesion occupied the 
entire fossa and had a center of mottled, increased density. The lower end of the humerus was 
markedly thickened by reactive bone formation and had lost its usual contour. 

Laboratory studies and examination of the joint fluid were unchanged except that the sedimentation 


THE JOURNAL OF BONE AND JOINT SURGERY 








ind pro- 
d fibrin 


nt, is still 


e regional 
masses of 
tissue was 
re present, 
f the head 
ration and 


in his left 
w seconds. 
the onset, 
atient had 


nded with 
th limited 
re was no 
except for 
s revealed 
aspirated 
n culture, 


us and an 
a plaster 


ndings, oF 
toms, the 
upied the 
lerus was 


nentation 


! SURGERY 





OSTEOID OSTEOMA WITH JOINT CHANGES 487 


rate was now normal. The elbow, restricted in motion to about 60 degrees of flexion and extension, was 
markedly swollen and warm. There was generalized pain on motion and exquisite tenderness over the 
head of the radius. 

A course of treatment with penicillin and one with the sulfonamides made no difference in the symp- 
toms or findings. Therefore, with a provisional diagnosis of osteochondritis dissecans or osteoid osteoma, 
the elbow was explored through a posterior incision’. The site of the olecranon fossa was completely 
occupied by a purplish cribriform bone, which was sharply delimited from the rest of the humerus. This 
bone was completely removed. Biopsy sections were taken from the synovial membrane, which was 
injected and thickened. Inspection of the joint surfaces revealed nothing otherwise abnormal, so the 
wound was closed. Figure 2-C shows the findings of the roentgenograms after operation. 








Fia. 2-A 
Case 2. Initial roentgenogram. Note the shadow of periosteal new bone about the lower humerus 
and irregularity of the ossification center of the trochlea but no pathognomonic changes. 








Fic. 2-B 
Seven months later there is an obvious lesion in the olecranon fossa. The area is radiolucent 
except for the center which is irregularly dense. There is gross thickening of the entire lower end 
of the humerus. 
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Healing of the wound was prompt, and there was no pain after the first postoperative day. The 
range of motion increased gradually, and four months after the operation it was complete. 

Sections showed a very active lesion. There was a large amount of fibrous tissue in which were 
found many osteoblasts and osteoclasts and also giant cells of the foreign-body type (Fig. 2-D). In the 
fibrous tissue there was an irregular pattern of trabeculae which under higher magnification could be 
seen to be composed largely of osteoid tissue. The degree to which the osteoid tissue was calcified varied 
greatly from place to place (Fig. 2-E). Section of the synovial membrane showed, as in the previous case, 


ri 





Fig. 2-C 


Postoperative roentgenograms. 





Low-power photomicrograph (< 55) shows the very active vascular fibrous stroma in which 
are trabeculae of irregularly calcified osteoid tissue. 
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ation, dilatation of blood vessels, intense infiltration with small round cells, and fibrin deposition 
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High-power photomicrograph (X< 180) shows fibrous stroma with many osteoblasts and osteoclasts, 
and partially calcified masses of osteoid. 


Fia. 2-F 
Photomicrograph (< 90) of synovial membrane showing chronic inflammatory reaction. 
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DISCUSSION 


Many skeletal lesions produce pain in distant joints which are themselves free of 
disease. Thus it is common to see a child with hip disease whose chief complaint is pain jp 
the knee. No matter how long the exciting focus exists, and with it the symptom of “fe. 
ferred pain”, the knee joint remains normal. Treatment of the disorder in the hip results 
in disappearance of the pain in the knee, and there are no residual effects in the latter joint 

Joints are also seen which are the site of actual inflammatory changes induced by 
nearby bone lesions which do not directly involve the joint. Occasionally, a focus of infee- 
tion in the metaphysis of a long bone will excite a secondary reaction in the adjacent joint, 
which will become swollen, tender, and filled with fluid. If the joint is inspected, the 
synovial membrane is seen to be thickened and injected. The joint fluid is increased and 
may contain fibrin flecks. Though it commonly exhibits more than the usual number of 
cells, it is sterile. Removal of the bone focus will cause the joint symptoms to subside 
without specific therapy. 

A similar reaction is known to arise in response to non-infectious bone lesions, such as 
the localized fibrous defects which occur in the metaphysis’. 

Apparently, the joint manifestations of the two cases here reported are of the same 
nature and represent a secondary reaction to nearby osteoid osteoma. That the inflam- 
matory changes, if they persist long enough, can themselves cause subsequent degeneration 
of the joint surfaces, is well illustrated by the first case. That these changes subside 
spontaneously, after removal of the osteoid osteoma, is shown by the second case. 

These cases constitute further evidence in support of Jaffe’s contention that osteoid 
osteoma is not an infectious lesion. Although both patients had sufficient joint symptoms 
and findings to lead to a suspicion of primary arthritis, neither one had any systemic 
findings compatible with an infectious process, nor did chemotherapy influence the course. 
In both, the joint fluid and tissue from the bone lesions were sterile on culture and did not 
preeduce lesions in the guinea pig. In both, the sections of the synovial membrane showed 
only non-specific inflammatory changes. Finally, in both patients the acute joint symp- 
toms subsided promptly following excision of the osteoid osteoma and have not returned. 

If removal of the bone lesion is delayed, and the inflammation of the joint persists for 
a long time, permanent damage to the articular structures may supervene. 
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RENAL OSTEITIS FIBROSA SUPERIMPOSED ON SENILE OSTEOPOROSIS 


Report oF A CASE WITHOUT PARATHYROID HYPERPLASIA AND Witu URETERITIS CySsTICA 


BY GEORGE W. COTTRELL, M.D., PORTLAND, OREGON 


From the Department of Pathology and Division of Orthopaedic Surgery, 
University of Oregon Medical School, Portland 


It is now well known that extensive bone changes may occur in children with chronic 
renal insufficiency. That a syndrome comparable to renal rickets occurs in adults has been 
recognized less frequently, although an increasing number of cases have been reported 
since Albright, Drake, and Sulkowitch called attention to the condition in 1937. The ad- 
vanced cases in adults remain a rarity, even though it has been shown that microscopic 
bone changes commonly are associated with renal insufficiency*™'"*. Parathyroid hyper- 
plasia has been found in nearly every ease in which the parathyroid glands were examined, 
both in children and adults. Even in the absence of osseous changes, parathyroid hyper- 
plasia has been demonstrated in many cases of chronic renal insufficiency ; and apparently 
it has also been induced by experimental renal insufficiency'®"**! and in other ways. In- 
deed, the most widely accepted name for the syndrome is “renal hyperparathyroidism”. 
Only a few instances have been reported in which the parathyroids were described as not 
being enlarged. No case report has been found in which the condition occurred in senility ; 
in fact, the number of patients over thirty years of age is limited. The oldest examples 
previously recorded are a patient of Brown and Ginsburg’s, aged fifty-five, and Gutman, 
Swenson, and Parson’s fourth case, a woman of sixty. The latter case has certain similari- 
ties to the one to be presented. 

The purpose of this paper is to describe a senile patient with renal insufficiency and 
roentgenographic findings suggestive of hyperparathyroidism, but with different findings 
at autopsy. : 


CASE REPORT 
History 

Mrs. E. M., a white woman, seventy-five years old, first came under observation in September 1939, 
when she appeared at the Out-Patient Clinic, complaining of general fatigability which had come on 
gradually over the preceding two years. Her only other complaints were of slight incontinence of urine 
at times, and occasional nausea, caused by stooping or a sudden change of position. She was moderately 
obese ; her systolic blood pressure was 198 millimeters of mercury, diastolic 94 millimeters. A mild degree 
of scoliosis of the thoracic spine was noted, but otherwise the osseous system attracted no attention at 
the time. The heart was not enlarged, and only the right radial artery felt sclerotic. Urinalysis disclosed 
the presence of albumin (one plus), pus (one plus), and bacteria (one plus) in the centrifuged sediment. 
The sedimentation rate of the erythrocytes (modified Westergren method) was 4 millimeters in fifteen 
minutes and 30 millimeters in forty-five minutes (normals are 0 to 5 millimeters in fifteen minutes and 
0 to 30 millimeters in forty-five minutes). The basal metabolic rate was reported as minus 5 per cent. 
The patient’s condition was followed for about ten months, during which period there was little change. 
In June 1940, she complained of the sudden onset of pain over the radial surface of the left wrist, for 
which she received local treatment, but roentgenograms were not made. 

She was not seen again until December 10, 1945, at which time she was admitted to the hospital 
because of pain in the right hip, resulting from a fall sustained four days before in her bedroom. She 
stated that she had felt pretty well from the time she was last seen (June 1940) until 1942, when pain 
began in the lower thoracic vertebrae and in the index and middle fingers of the right hand, radiating 
upward along the radius to a point about eight centimeters above the wrist. This pain had persisted in 
spite of treatment. In June 1945, she began having dyspnoea, and in November there was an episode of 
nausea and vomiting which lasted fifteen days. The hip became gradually worse from the time of her 
fall on December 6 until admission four days later, and pain in the other bones of the lower extremities 
was present as weil. 


Physical Examination 
Physical examination at this time showed a considerable degree of weight loss since her previous 
examination. The systolic blood pressure was 94 millimeters of mercury, and the diastolic pressure was 
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56 millimeters. The pulse rate was 96 per minute, with occasional premature systoles. The heart was not 
appreciably enlarged, the apex beat being palpable nine centimeters to the left of the sternum in the 
fifth interspace. A non-transmitted systolic murmur was noted in the aortic and mitral areas. The 
genitalia showed senile changes. There was an ecchymotic area over the right supra-orbital ridge —g 
result of the fall. A marked kyphosis of the upper thoracic spine was noted, which had not been present 
SIX years previously. Tenderness was elicited on pressure over the ischial spines and tuberosities, and 
also over the superior ramus of the right pubis. Active flexion of the right hip was absent, due to pain: 
and passive motion caused the patient to complain of pain. 
Roentgenographic Findings 

A roentgenogram of the pelvis showed no fracture, but disclosed the marked osteoporosis for the 
first time and led to examination of the other bones. 
Great rarefaction of both tibiae and humeri was 
present, with numerous pseudocystic areas, together 
with thinning of the cortex and lacunae-like erosion 
of the endosteal surface of the cortex (Figs. 1-A, 


Fic. 1-A Fic. 1-B 


Roentgenograms taken one month before patient’s death, showing the extreme osteoporosis of 
all the bones, with cystlike areas of rarefaction throughout. Note the lacunae-like erosions of the 
endosteal surface of the cortices of the femoral shafts (Fig. 1-C). All bones were similarly affected, 
there being no normal-appearing bone between any of the cystic areas. The roentgenographic 
changes simulate those of hyperparathyroidism. 
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Fic. 1-C 


1-B, and 1-C). There was extreme rarefaction of the spine, with evidence of collapse of several of the 
vertebral bodies. The skull displayed several discrete rounded areas of rarefaction. Together, these 
findings were considered characteristic of the bone changes of hyperparathyroidism. 


Laboratory Data 

The urine gave a positive test for albumin (one plus), and contained pus (one plus) and bacteria 
The specific gravity was consistently low,—around 1.007. Subsequent examinations yielded essentially 
similar results, but with more pus cells on several occasions. A strain of Escherichia colt was isolated on 
one culture. The red-blood-cell count was 3,500,000 per cubic millimeter, and the hemoglobin was 10.0 
grams per 100 cubic centimeters. The white-blood-cell count was 10,500 per cubic millimeter on admis- 
sion, climbing to 25,200 on the day before death. A relatively high percentage of staff cells were noted, 
but otherwise the blood smears showed nothing unusual. The erythrocyte sedimentation rate was two 
millimeters in fifteen minutes and seventeen millimeters in forty-five minutes at the time of admission; 
it was considerably higher later, amounting to forty-one millimeters in the first fifteen minutes on 
December 22. The serological tests for syphilis were consistently negative. A sternal-marrow cell count 
and differential smear on December 28 were not significantly deviated from normal. The inorganic- 
phosphorus level in the fasting serum was 10.4 milligrams per 100 cubic centimeters on December 18, 
and the serum calcium was 94 milligrams per 100 cubic centimeters. On the day before death the value 
for phosphorus was 10.4 milligrams and that for calcium was 7.4 milligrams per 100 cubic centimeters 
The urea nitrogen was 152 milligrams per 100 cubic centimeters of whole blood on admission, and re- 
mained at about that level on three other examinations. The alkali reserve was forty on December 26 
declined to thirty-six two days later, and was thirty-one on the day prior to death, indicating persistent 
acidosis. 

The patient’s condition was poor at all times. She continued to complain of pain in her bones. The 
course was rapidly downward, with death from uraemia on January 1, 1946 


Autopsy Findings 

The body was emaciated. The ribs were soft enough to be cut readily with a knife. The heart 
appeared to be little enlarged, and weighed 250 grams. The ring of the mitral valve was calcified, but the 
valve itself was competent. The coronary arteries were moderately sclerotic. The aorta showed a mod- 
erate degree of atherosclerosis with calcification of many of the plaques, but the condition was not 
inconsistent with the subject’s age. The lungs were bound down by fibrous adhesions. Patchy areas of 
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Fic. 2 Fia. 3 

Fig.2: The discrete, globular, thin-walled cysts along the ureters are shown. No cysts were found 
in the bladder. Note the small, contracted, finely granular kidneys. Microscopically, a very small 
amount of functioning kidney tissue remained. 

Fig.3: Longitudinal section of spine between the fourth and eleventh thoracic vertebrae, show- 
ing the great narrowing of vertebral bodies with almost complete collapse of two of them, and the 
secondary expansion of the intervertebral discs. The brown material in the center of the vertebral 
bodies (see arrow) was soft and gritty, and on microscopic examination proved to be hyperplastic 
bone marrow with degenerated trabeculae scattered throughout. The cortical bone of the spinous 
processes was still hard, and fairly dense. 


consolidation were present bilaterally. The kidneys were unusually small and soft, with finely granular, 
pitted surfaces. Their cut surfaces showed marked loss of substance, with practically no cortical tissue 
recognizable grossly. The renal pelves were not dilated, but the ureters presented remarkable changes 
in that discrete, globular, thin-walled, clear cysts studded the upper three-fourths of the mucosal surfaces 
of each. The cystic structures averaged one to two millimeters in diameter, and when pricked, collapsed 
completely, liberating a small quantity of clear fluid. The lining of the ureters between the cysts had 
the usual gray, velvety appearance. The cysts were clustered, so that each one touched another on 
several sides. Despite this, the ureters appeared little dilated, if at all. The urinary bladder was con- 
tracted and thick-walled, but the mucosal surface was free of cysts (Fig. 2). The gall bladder was 
extremely contracted. The spleen was atrophic, with numerous irregular, gritty, yellowish masses scat- 
tered throughout the pulp. The liver was brown and shrunken, and contained several firm nodules just 
under the capsule. A single calcified plaque, about 0.5 centimeter in diameter, was found in the wall of 
the stomach. The genitalia presented the usual appearance of senile atrophy. Nothing else unusual was 
noted about the viscera. 

Grossly, the bones were soft. The ribs, on cross section, showed extreme thinning of the cortex with 
much loss of trabecular pattern and many cystic dilations in the medullary portion. Little marrow or 
fat was present. There was a severe kyphosis in the upper thoracic spine, with complete collapse of the 
bodies of the fifth and eighth thoracic vertebrae. The centra of all the thoracic and lumbar vertebrae 
were narrowed and extremely fragile. The spine between the fourth and twelfth thoracic vertebrae was 
removed in one piece for further examination. The photograph of the sawed specimen (Fig. 3) shows 
the great narrowing of two of the vertebral bodies. The bodies of nearly all the vertebrae consisted of 
thin shells of cortical bone, their central portions being almost completely replaced by a soft, mushy, 
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granular tissue which could easily be scooped out. The residual cancellous bone of the centra was scanty, 
and the trabeculae were extraordinarily delicate. The upper fourth of the left femur was removed. The 
shaft offered much less than normal resistance to cutting, because of thinning of the cortex, but was still 
hard enough to require the use of a chisel. The sawed specimen is shown in Figure 4. No true cysts were 
present, but several areas in the neck and proximal portion of the shaft were soft, and cancellous bone 
was replaced by a spongy, red, somewhat granular mass of tissue which could be scooped out; this left 
an irregular depression in the bone where trabeculae were missing, just as in the vertebrae. These were 
the areas which appeared cystic in the roentgenogram. The cortex was thin, with numerous ovoid ero- 
sions on the endosteal surface, corresponding to the rounded radiolucent areas noted in the roentgeno- 
gram. The extreme atrophy of cortical bone is especially apparent when a cross section of the femur 
from this case is compared with one from the same level in another patient of the same age whose bones 
were not rarefied (Fig. 4, D). The trabecular pattern of the head of the femur showed little change, ex- 
cept for atrophy of the trabeculae, in the interstices of which fatty marrow could be seen. The macerated 
specimen exhibited a hollow area in the neck of the femur and another in the subtrochanteric region,— 
areas in which soft tissue had completely replaced the cancellous bone. The cortex adjacent to these 
areas was paper thin. The calvarium was thin, but fairly well calcified. The rarefied areas noted in the 
roentgenogram were visible on the undersurface as thin, bluish, slightly elevated, round areas. A thin 
layer of bone covered them, and they contained some of the soft, pulpy tissue, similar to that in the 
vertebrae and femur, which replaced the bone. Nothing unusual was noted about the brain, pineal 
gland, or pituitary. The base of the skull appeared well calcified. 

The thyroid gland was small and somewhat nodular. The parathyroid glands were not identified 
with certainty on the gross specimen. A single nodule, 1.5 centimeters in length, was found embedded 
on the posterior portion of the thyroid, in the capsule; but this proved to be thyroid tissue. A number 
of small, brownish, oval masses, none of which was over 0.5 centimeter in length, were found in the 
regions where the parathyroids should be situated; all of these were saved for microscopic examination. 
In addition, the entire posterior and lateral surfaces of the thyroid, including the capsule and a thin 
layer of thyroid tissue, were sliced off and embedded. The entire thyroid gland was then sectioned at 
three-millimeter intervals. There was little fat on the neck organs, and it was felt that all tissue which 
could even remotely be considered parathyroid was saved for study. Out of all this, four distinct 
parathyroid glands were identified. 


Histological Examination of Parathyroid Glands (Figs. 5-A, 5-B, 5-C, and 5-D) 

Multiple sections were made of each of the four glands identified, and the largest one was serially 
sectioned. The largest portion of each of the glands was measured in the paraffin blocks, as follows: 
The first was 8.5 by 3.5 millimeters (serial sections proved this gland to be less than 0.3 millimeter in 
thickness) ; the others measured 3 by 3 by 3 millimeters, 5 by 2.5 millimeters, and 4.5 by 2 millimeters, 
respectively. (The last two glands were not more than 1 millimeter in thickness.) 

The glands did not have a uniform structure. Each contained a moderate amount of fat. The stroma 
was thickened and hyalinized in all the glands, but to a much more marked degree in two of them. The 
cells were arranged for the most part in anastomosing cords and in irregular sheets, with very little 
tendency for pseudo-acinous formation. Chief cells predominated, a few sharply demarcated islands of 
dark oxyphil cells being present, with a greater percentage of the oxyphil cells in the largest gland. 
These islets were fairly large in some areas. One of the glands appeared completely atrophic, with 
extreme hyalinization replacing much of the glandular substance; the few remaining cells were vacuo- 
lated. The hyaline material was suggestive enough of amyloid so that Congo red, trystal violet, and 
van Gieson’s stains were applied, without evidence of amyloid being obtained. There was no evidence 
of hyperplasia of any of the parathyroid glands, and this was further ruled out by attempting to apply 
the criteria of Castleman and Mallory for parathyroid hyperplasia, with negative results. 


Bones 

Portions taken from several vertebrae, ribs, the head and the proximal shaft of the femur, and the 
skull, were decalcified in formic acid, and stained with hematoxylin and eosin. Although the findings 
varied, ihe over-all picture was that of marked atrophy with slight, but definite, osteitis fibrosa. Atrophy, 
or senile osteoporosis, was manifested by extreme thinning of the cortical bone of the vertebral bodies, 
ribs, and femur; narrowing and decrease in the number of the trabeculae; and widening of the Haversian 
canals without very much fibrous-tissue invasion. The extent of bone production appeared limited, but 
osteoid seams were narrow, and that bone which was being laid down evidently was being calcified. In 
the head of the femur, cortical bone was deficient in many areas, trabeculae joining articular cartilage 
directly. The plates of cortical bone of the vertebral centra were similarly affected, so that it was 
difficult in many areas to find any zone of osseous tissue between the cartilage of the intervertebral discs 
and the thin trabeculae of the spongiosa. Other changes, however, complicated this picture. 

The ribs showed extensive subperiosteal erosions, so that their outer surfaces were serrated by 
irregular, somewhat lacunar, areas of resorption, which were filled by fibrous tissue of the periosteum 
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Fic. 4 
(A) Roentgenogram of sawed specimen of femur. (B) Longitudinal section of the fresh specimen, prov- 
ing that the rarefied areas in the roentgenogram actually were filled with tissue, there being no true cysts. 
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Fic. 4 (continued) 
Note the lacunae-like erosions of the endosteal surfaces in the roentgenogram and gross specimen. (C) 
Macerated bone, showing loss of trabeculae in the cystic areas, extreme thinning of the cortex, and un- 
usual delicacy of the trabecular pattern. The inset (D) strikingly compares a cross section of half of the 
shaft of the femur in the case under discussion with a section trom a corresponding area, taken from an- 
other woman of seventy-five, whose bones appeared normal by roentgenogram. 


(Fig. 6). Similar rough, saw-tooth-like edges, varying in degree, were noted on the subperiosteal surfaces 
of all bones examined. In some areas, mononuclear cells seemed to be producing these erosions, but this 
finding was inconstant. Multinucleated cells were not found on the outer surfaces of the cortex. The 
endosteal surfaces were similarly eroded in many areas, smooth in others. Multinucleated cells were 
found in some of these areas, which had the appearance of typical Howship’s lacunae. Some of the 
trabeculae of the spongiosa of the ribs, vertebrae, and femur showed such lacunar resorption as well, but 
in only a few areas was it well marked. There was quantitatively little marrow fibrosis. In most areas, 
the marrow was quite cellular—even hyperplastic. The soft, friable tissue, which occupied the spaces 
which appeared cystic in the roentgenograms of the skull and femur, proved to be bone marrow with 
less fat than usual. (Some of this material was stained with Ehrlich’s trichrome stain to help differentiate 
the cell types. All the usual marrow elements were present, with a tendency toward an erythroblastic 
reaction.) Definite osteitis fibrosa was noted in several vertebral bodies, including a collapsed one. In 
these areas, osteoclasts were numerous, lying in Howship’s lacunae; young fibrous tissue replaced the 
marrow locally, and extended into the bone in the areas of resorption; and spicules of new bone were 
seen in this fibrous tissue, surrounded by single layers of osteoblasts (Fig. 7). Finally, fibrous tissue from 
the marrow penetrated the bases of some of the original trabeculae. In some instances, this appearance 
was noted in the bone, but only marrow cells with little fibrous tissue could be seen in the erosion. Such 
areas were thought to represent the earliest stages of “dissecting bone resorption’. 
Kidneys 

Few functioning glomeruli remained; the majority of them were hyalinized. There was much 
interstitial fibrosis, in the form of thick bands of collagen, with numerous areas of lymphotytic infiltra- 
tion throughout. The tubules showed evidence of degeneration of epithelium, to a large extent. Many 
of the collecting tubules were filled with clumps of polymorphonuclear leukocytes. Marked arterio- 
sclerosis was present throughout. The pelvis was thickened, and pus was present in the lumen. 


Ureters 
The cysts were large and thin-walled, formed of a thin layer of flat cells, and were filled with a 
colloid material. 


Bladder 

The epithelium was thickened, and chronic ulcerative inflammatory changes were present. The 
vessels of the submucosa were largely hyalinized. Cystic epithelial nests were noted in the submucosa 
(von Brunn inclusion cysts). 


Other Organs 

Large rounded areas of hyalinization were noted in the spleen, which also showed considerable 
atrophy. The cardiac muscle showed brown atrophy, with pronounced subintimal thickening of the 
smalier arteries and arterioles. Advanced arteriosclerotic changes were noted in the vessels of the lungs, 
together with patchy acute bronchopneumonia and hyperaemia. The liver showed mild chronic passive 
congestion, slight biliary retention, and several areas of focal necrosis with calcification. There was 
nodular adenomatous hyperplasia of the thyroid, and several of the larger arteries showed calcification 
of the media. Parenchymal changes, consistent with the age of the subject, were evident in the remain- 
ing organs, with an unusual degree of hyalinization of the smaller arteries and arterioles. 


DISCUSSION 

The first question that arose was whether the bone lesions in this case should be 
designated as osteitis fibrosa, or whether the rarefaction was due entirely to senile osteo- 
porosis and the renal findings were merely coincidental. On reviewing the literature of 
renal osteodystrophy, the following facts seemed important: The bone changes in renal 
osteitis fibrosa in the adult are usually considered indistinguishable from those seen in 
patients with osteitis fibrosa generalisata due to primary hyperparathyroidism*?*'. Even 
in children, renal rickets is not really rickets histologically, but is often osteitis fibrosa®°. 
Cases have been reported in which the bone changes were not designated osteitis fibrosa?2*.76, 
but in most of these cases the bones have not been studied thoroughly, or at least are only 
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mentioned briefly. Bergstrand noted lacunar resorption and slight osteitis fibrosa in patients 
dying of chronic glomerulonephritis. Follis and Jackson found evidence of microscopic 
bone changes, which they considered as both osteitis fibrosa and as osteomalacia, in about 
half of a series of routine autopsies in cases of renal insufficiency. Ginzler and Jaffe found 
evidence of osteitis fibrosa of varying degrees in instances of chronic renal insufficiency, 

and indicated that, if the lesions were to be found at all, they were present in the trabeculae 
of the vertebral bodies. While the final pathological result of hyperparathyroidism ag 
regards bone has been well described" and is well known, the less advanced stages, such as 
those described by Bergstrand, apparently are less generally recognized. The primary 
features of osteitis fibrosa, as described by Jaffe and his associates'*!® from clinical and 
experimental material, consist of generalized resorption of bone and enlargement of the 
canals of blood vessels; numerous Howship’s lacunae and osteoclasts on the surfaces of the 
trabeculae, under the endosteum and periosteum, and on the walls of the canals of the blood 
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Fig. 5-A, Fig. 5-B, and Fig. 5-C: Low-power photomicrographs (x 15) of entire glands of each of 
the four parathyroid glands discovered. The gland shown at the right of Fig. 5-A was atrophied. 














Fia. 5-D 


A higher-power photomicrograph (>< 150) of the gland at the right of Fig. 5-A, showing the thick 
strands of hyaline and the atrophic cells. 


vessels; scarring of the bone marrow; and formation of some trabeculae of new bone in the 
fibrous tissue. Osteoid tissue is not necessarily present. These represent the fundamental 
changes. In any particular case they may be modified by a number of other factors, such 
as the age and state of nutrition of the patient, the condition of the parathyroid glands, the 
state of the renal function, the calcium balance, and even the rate of decalcification®®. The 
interpretation of the osseous changes in any particular case must take such factors into 
consideration. On the basis of accumulated evidence, it seems logical at present to assume 
that, when there is evidence of chronic renal insufficiency in the absence of primary para- 
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Fic. 6 


Photomicrograph of portion of rib, displaying the thin cortex and serrated subperiosteal 


surface (< 132). 

















Fig. 7 


Photomicrograph of a portion of vertebral body, showing (a) osteoclastic resorption of bone; 
(b) fibrous replacement of marrow, near which are two spicules of bone, showing both bone produc- 
tion and osteoclastic resorption; and (c) uninvolved bone marrow (> 150). 
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thvroid disorder, histological signs of osteitis fibrosa, however slight, are attributable to 
the kidney disease. In this case, the primary features of osteitis fibrosa are found, but 
they are of limited extent; and it is difficult to attribute the advanced state of rarefaction 
of the skeleton to this finding alone. There is insufficient connective tissue in the Haversian 
eanals and about the bone trabeculae. Osteoclastie resorption is not extensive enough. 
There is too little new-bone formation, and marrow fibrosis is almost non-existent. 

In senile osteoporosis, the pure lesion has been described by Jaffe as a chronic fatty 
atrophy of bone, with thinning of trabeculae and cortex, widened vascular canals, negligible 
lacunar resorption, and a smooth periosteal surface of the cortex. Osteoid borders are not 
demonstrable. Fibrous transformation of the marrow may occur in areas in which there 
has been collapse of the spongy bone, such as the weakened vertebral bodies. Rarely, 
advanced cases of senile osteoporosis have been reported in which decalcification was so 
marked that the roentgenographic examination was suggestive of hyperparathyroidism™. 
Such changes characterize this case, and, in all probability, senile osteoporosis is the pre- 
dominant feature here. The findings of lacunar resorption, however, together with the 
serrated periosteal surface of the cortex and the definite osteoid borders of the trabeculae 
of the spongiosa, are evidence that something more than senile atrophy is present. The 
periosteal surfaces of the bones in the cases of severe senile atrophy reported by Pommer 
and by Gerth are smooth. Furthermore, in the present case, small areas of fibrosis were 
found not only in the collapsed vertebral bodies, but also in others, as well as in areas of 
the ribs and in the femoral diaphysis. Without entering into a discussion of the various 
theories as to the mechanism of decalcification in renal osteodystrophy, the features of this 
ease suggest that, in a senile individual in whom there is atrophy of most of the tissues, 
the addition of another factor favoring decalcification must be reflected in the bones to a 
much greater extent than would be the case in a person whose skeleton was more normally 
calcified. 


Parathyroids 

In nearly all cases of renal osteitis fibrosa previously reported, hyperplasia of the 
parathyroids has been a prominent feature. It would seem to be established from numerous 
clinical and experimental studies'*** that chronic renal insufficiency initiates a secondary 
or compensatory hyperplasia of the parathyroids, the exact mechanism of which still is 
subject to speculation. The subject has been well covered in a number of comparatively 
recent articles! *.15.31,32,°3 : 1¢ would be superfluous to add further speculation on the basis of 
this case alone. Both chronic acidosis and hyperphosphataemia were present, without 
evidence of parathyroid hyperplasia. Perhaps the duration of severe renal insufficiency 
was too short for the hyperplasia to become evident. It might be argued that the larger 
gland in this case represented, in consideration of the atrophy of the other organs, a mild 
degree of hyperplasia. With this in mind, it was serially sectioned, but could not be made 
to conform to published criteria for parathyroid hyperplasia'®**. In Kurokawa’s study 
of 815 parathyroid glands from 240 necropsy cases, numerous glands of approximately this 
size are reported as being found in widely differing conditions, and considered to be within 
the range of normal variation. In view of the undoubted atrophy of one of the glands in 
this ease, and the hyalinization of the stroma of another, it is interesting that neither 
Kurokawa nor Castleman and Mallory found evidence of atrophy of the parathyroid 
glands in patients of advanced age. 

A few cases of renal failure associated with skeletal changes have been reported, in 
which there was no parathyroid hyperplasia. Platt reported briefly a case of renal dwarf- 
ism in an eighteen-year-old boy in whom “there was no enlargement of the parathyroids”. 
Bergstrand mentioned the case of a nephritic seventeen-year-old youth with lacunar 
resorption and early osteitis fibrosa, in whom there was no parathyroid enlargement. In 
Brown and Ginsburg’s case, parathyroid tissue was not found. In all other case reports in 
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which the parathyroids were identified, the presence of parathyroid hyperplasia, usually 
recognized easily on gross examination, has been stressed. A fairly extensive search of the 
literature has failed to reveal other cases of renal osteodystrophy in which all the para- 
thyroids were identified and found not enlarged. The present case is exceptional in this 
respect, but it must be admitted that the degree of skeletal involvement secondary to the 
renal disease is problematic; and perhaps, had the patient lived longer with renal in- 
sufficiency, parathyroid hyperplasia might have become manifest. 


Ureters 

Although ureteritis cystica of the extent found in this case is not frequently seen, lesser 
degrees are evidently more common than is generally realized. Morse found sixty eases, 
and studied 125 routine autopsy specimens, in 86 per cent. of which he found microscopic 
evidence of epithelial-cell nests and cysts in the urinary tract. He offered evidence of an 
inflammatory origin for the cysts, and demonstrated stages in their development from the 
epithelial-cell nests of von Brunn to the thin-walled, macroscopic cysts. Kindall, Toulson, 
Bothe and Cristol, and others have since added confirmatory evidence to this theory of 
pathogenesis, and it now seems well established that ureteritis cystica is a pathological 
entity related to chronic inflammation. 
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RENAL RICKETS 
REPORT OF A CASE 


BY J. L. RICHARDSON, M.D., CHICAGO, ILLINOIS 
From the De partment of Orthopaedic Surgery, University of Illinois College of Medicine, Chicago 


The literature still contains fewer than one hundred reported cases of the syndrome 


of renal rickets. This is probably an apparent rather than a real rarity, however, as many 
cases undoubtedly terminate without the true etiology being appreciated or without the 
recognition of the association between the skeletal deformity and the renal abnormality. 
Such was the situation in the early history of the case to be described. 


VOL. 29, NO. 2, APRIL 1947 











504 J. L. RICHARDSON 


In addition to adding to the reported incidence of renal rickets, the justification for 
presenting this case might be considered as threefold: First, from the standpoint of his- 
tory, physical examination, laboratory findings, and clinical course, the case presents a 
consistently typical and gross picture of the disease entity in question. Second, strong 
evidence is provided that, depending upon the exact location of the pathological condition 
in the genito-urinary tract, therapy may prove quite efficacious. Third, it indicates the 
necessity for a complete urological investigation of every case of rickets at an early date, 
in order that medical measures can be instituted to greater effect and unwise surgical 
intervention be avoided. 

The syndrome of renal rickets is of comparatively recent recognition. A review of its 
history reveals that the association of rickets with albuminuria was made by Lucas as late 
as 1883, and it was not until 1911 that renal insufficiency was recognized as the occasional 
‘sause of rickets by Fletcher and Parsons. It remained for Barber, in 1921, to define the 
condition. 

For the etiology of renal rickets and the explanation of the pathological physiology 
involved, we are indebted to Mitchell, who, in 1930, provided us with the hypothesis which 
has subsequently been verified scientifically. Briefly, this has consisted in the demonstra- 
tion that, with diminished urinary excretion, there is a retention of phosphates; the phos- 
phates thus retained are excreted into the lumen of the intestine in an attempt on the part 
of the body to make physiological compensation, and in the intestine they form insoluble 
compounds with whatever calcium has been ingested. This fact is substantiated by the 
consistently elevated calcium content of the faeces in such eases, and, incidentally, shows 
the futility of the oral administration of caleium. Further, it explains the invariable 
occurrence of a high serum phosphorus and a low serum calcium in the laboratory 
examination? *, 

Anything capable of producing a diminished urinary excretion, extending over a 
prolonged course, during the growth period is capable of producing renal rickets. Thus the 
possible sources of etiology are as varied as the components of the renal system and the 
many types of pathological changes to which each is heir. Some, such as congenital 
anomalies involving the ureterocystic orifices, are remediable; others, such as chronie 
glomerulonephritis, may be irreversible. A prognosis should not be given or the case 
despaired of without a careful analysis and evaluation of the entire renal system. Only 
after such an investigation was the outlook in the case to be described determined to be 


hopeless*>7)8, 


CASE REPORT 
Clinical History 


The patient was a white girl, fourteen years of age, with the chief complaint of a progressive, bi- 
lateral knock-knee deformity and weakness of only six months’ duration, for which she made application 
to the Orthopaedic Dispensary of the Illinois Research and Educational Hospital. Admission to the Hos- 
pital followed, on September 9, 1943, in order to complete the investigation. A more detailed history dis- 
closed that, in addition to the obvious progressive fatigue and increasing genu valgum deformity of six 
months’ duration, the patient had recently complained of a mild aching in the calf muscles and in the 
knees; this was aggravated by walking distances of one block or more. The mother provided the informa- 
tion that the patient had had pyelitis at the age of two with at least two or three exacerbations of chills 
and fever during subsequent years, but the local physician had said she had recovered. Her general nutri- 
tion and body growth had obviously been poor for the past three or four years. The mother stated that 
the child’s early diet had been adequate in all respects, particularly as regards cod-liver oil. The regimen 
was described and seemed sufficient. The mother stated further that the same quantities had been 
administered to the patient’s younger sister, who was now ten years old and larger than the patient. 

When the patient’s present symptoms began, an orthopaedic surgeon in an adjacent state was con- 
sulted, and the patient was advised to make arrangements for supracondylar osteotomies to be done. 
The seriousness of the condition had been minimized; and a good prognosis had been rendered. The 
family had refused surgery at that time, however. 
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The family history was non-contributory; but the father had suffered a well-developed psycho- 
neurosis. 

The patient had been the product of a nine-month gestation and weighed six pounds and twelve 
ounces at birth. She experienced an illness of unknown cause during 
the neonatal period, which left her weighing only four pounds at the 
time of hospital discharge; but good health was soon regained and 
continued until the age of two years, when she had pyelitis which 
continued to give trouble until the age of five. During childhood she 
experienced measles, mumps, chickenpox, and whooping cough, but all 
without apparent complication. 

A review of systems disclosed only that the child’s appetite had 
been poor and that dyspnoea occurred with mild physical exertion; 
nocturia was occasional, and the menses had not yet occurred. 


Physical Examination 


The temperature was 98.6 degrees, pulse rate 110 and respirations 
25 per minute, body weight fifty-seven pounds (the average for a four- 
teen-year-old female is 114 pounds), and height fifty-four inches (ex- 
pected height sixty-two inches). The patient was a small, thin, weak 
girl of blonde complexion, who appeared chronically ill and exhibited 
a marked bilateral genu valgum deformity. She appeared reluctant 
to walk, and when she did so it was with a waddling type of gait. The 
scalp was normal. External ocular movements were normal; the pupils 
reacted to light and accommodation; eyegrounds were normal. The 
ears and nose were normal. The teeth were in fair condition. Small 
anterior and posterior cervical lymph nodes were palpable. Chest in- 
spection and palpation revealed the presence of a rachitic rosary. The 
lungs were normal to inspection, palpation, percussion, and auscultation, 
as was the heart. Abdominal examination disclosed the presence of 
small inguinal nodes; the liver was palpable two fingers’ breadth below 
the costal margin. Pubic hair was absent; the breasts were very small. Fic. 1 
Reflexes were all present and active. The extremities showed bilateral Appearance of the patient 
shortly after admission to the 
joints and no reduplication of the epiphyses, as seen in untreated cases gag = gg Phonan 


of infantile rickets. pounds. Delayed develop- 
ment of secondary sex char- 
acteristics is apparent. The 
degree of knock-knee is equal 

The red blood cells numbered 3,450,000; hemoglobin 65 per cent. bilaterally, but the postural 
Urinalysis showed a specific gravity of 1.010 and a trace of albumin; an — iw obec ol — right 

: . . . _ g partially scures the de- 
occasional epithelial cell per high-power field was present. The serum ada gee rg 7 — 

wei “oie formity on that side. 
calcium was 9 milligrams and the phosphorus 48 milligrams per 100 
cubic centimeters of blood; the serum phosphatase was 178 milligrams per 100 cubic centimeters of 
blood (Kay units). 





genu valgum and pes planus. There was no limitation of motion of the 


Laboratory Examination 


Hospital Course 


Roentgenograms of the knees and hips showed a loss of definition at the epiphyseal plates with 
irregularity of structure and contour. At the hips there was partial displacement of the femoral neck in 
relation to the epiphyseal body, and coxa vara deformity bilaterally. On several attempts, there was 
inability of the kidneys to concentrate above 1.014; the phenolsulfonephthalein test showed less than a 
measurable amount of dye excreted in one hour. Retrograde pyelography demonstrated a normal 
urethra and bladder; good instrumentation of the left ureter was possible, and a satisfactory filling of 
the left renal pelvis, which appeared normal to subsequent roentgenographic examination. On three 
separate attempts at catheterization of the right ureter, however, the catheter stopped at eight centi- 
meters; the dye injected returned down the ureter and produced pain with less than one cubic centimeter. 
Roentgenographic visualization of the right renal pelvis was not effected. Intravenous urograms were 
then obtained, films being made at intervals of 10, 20, 30, 60, and 120 minutes after injections of iodine 
compound. No opaque shadows appeared on any of the films, thus indicating poor kidney function 
Meanwhile, the blood chemistry was as follows: non-protein nitrogen 128.6 milligrams, uric acid 4.9 
milligrams, and creatinine 5.0 milligrams per 100 cubic centimeters of blood. The serum albumin was 6.2 
grams and the serum globulin 1.2 grams per 100 cubic centimeters of plasma. The urea nitrogen was 
107.5 milligrams per 100 cubic centimeters of blood. 
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During the hospital course, which extended from September 9, 1943, until the patient’s death on 


December 21, 1943, there was a progressively severe nitrogenous retention, as evidenced by blood 


chemistry findings. On December 8, the non-protein nitrogen was 320 milligrams, urea nitrogen 189 
milligrams, uric acid 14.8 milligrams, and creatinine 16.6 milligrams per 100 cubic centimeters of blood. 
By this time a complete reversal of the calcitum-phosphorus ratio had occurred, the serum-calcium level] 
being 4.5 milligrams and the phosphorus level 8.7 milligrams per 100 cubic centimeters of blood. Up to 


Fia. 2-B 


Anteroposterior and lateral views of the knees, demonstrating fuzziness and irregularity in the 
area of the epiphyseal plates, and indicating activity in the rachitic process. 
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the last, the total urinary output daily averaged about 2000 cubic centimeters, but this was of low 
specific gravity. 

The patient’s clinical course was one of progressively increasing weakness. On November 30 she 
became confined to bed because of weakness and pain in the knees, and on that day had a rather severe 
epistaxis which required nasal packs. On December 4 the patient experienced two convulsive seizures 
with clonic contractures of all extremities, lasting only about one minute in each instance. Following 
this, she complained of diplopia the remainder of the day. She felt somewhat better during the next 
few days, but on December 11 complained of sudden precordial pain; dyspnoea and apprehension were 
apparent, but no cyanosis; she was orthopneic, and the next day a marked precordial friction rub could 
be heard. However, by this time the patient was much more comfortable, and less orthopneiec and 
apprehensive. This improvement was probably on the basis of a resorption ot pericardial effusion. 
A subsequent electrocardiogram was consistent with uraemic pericarditis. 

On December 14 a generalized follicular eruption appeared, consisting of pinhead-sized non-inflam- 
matory papules, with horny spines projecting from the follicles. This was considered by the Department 
of Dermatology to be due to a vitamin-A deficiency. On December 16 gross evidence of cardiac failure 
was present, with swelling of the face and neck, jugular distention, and marked epigastric tenderness, 
The liver was palpable 3.5 centimeters below the costal margin; an abdominal fluid wave could be 
elicited. Rales were noted over the bases of the lungs; cardiac enlargement, both to the right and left, was 
demonstrable; and death was apparently on the basis of cardiac failure, occurring during the terminal 
uraemia, 

At autopsy the essential renal findings were those of a congenital hypoplasia of the right kidney 
with stricture of the ureter, and a very marked chronic pyelonephritis on the left with gross destruction 
of the parenchyma. The parathyroids were hyperplastic. 


Therapy in this case was of a supportive nature only, as the renal status and its 
absolute irreversibility were appreciated early in the hospital course. Oral administration 
of calcium has long been known to be futile, as absorption from the intestinal tract fails 
to occur; parenteral calcium has yielded as little therapeutic result and has actually been 
considered contra-indicated, because of the vicarious calcification of tissues which has 
been observed. Only if some correctable source of the nitrogenous retention, such as an 
uncomplicated ureteral stricture, had been discovered, could therapy have had a curative 
effect. 
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CHONDRODYSTROPHIA CALCIFICANS CONGENITA 
Report or Two Cases 


BY THEODORE H. VINKE, M.D., AND F. PAUL DUFFY, M.D., CINCINNATI, OHIO 


From the Orthopaedic Department of the College of Medicine, University of Cincinnati, 
and the Orthopaedic Service of the Cincinnati Children’s Hospital 


Chondrodystrophia calcificans congenita was first described in 1914, by Conradi, who 
considered this condition an abortive form of chondrodystrophy, or achondroplasia. 
Many other authors have used the term stippled epiphyses**'°'**, and considerable 
confusion exists in the literature concerning this condition. The present report represents 
vases of multiple caleareous opacities, lying within the cartilage of the epiphysis. Another 
entity, described by Borovsky and Arendt, differs roentgenographically from the cases 
reported here in that the epiphyses did not appear stippled. A stippled appearance was 
present in our cases during infancy, and it gradually disappeared without treatment. The 
two patients were members of the same family; a familial tendency is also suggested by 
Raap’s cases. 

The condition can be diagnosed only by roentgenographie examination. It produces 
no pain or local manifestations, although in several cases congenital cataracts have been 
observed'*:79, as well as other congenital malformations. Laboratory studies, including 
blood chemistry, show no abnormal findings. Hypothyroidism has been associated with 
epiphyseal dysgenesis, but its relation to chondrodystrophia calcificans congenita is 
questionable. 

Pathologically, caleareous deposits in degenerative connective tissue have been found 
by Tisdall and Erb. A review of the American and British literature reveals nine similar 
case reports. 

The first report in America of a case of caleareous deposits in the joints was made in 
1924 by Tisdall and Erb. It is probably just coincidence that the patient’s feet were 
everted, similar to our patients’ feet. In addition to this abnormality, their patient had 
flexion deformities, involving almost all the joints of the body. Such deformities were not 
present in our cases. Unfortunately, no roentgenograms were taken of the trunk, hips, or 
hands in Tisdall and Erb’s case. Roentgenograms of the wrists, elbows, shoulders, knees, 
and ankles in their case were reported as follows: “Peculiar irregular (calcareous?) 
deposits are present in the epiphyses at both erids of the humeri, the proximal ends of the 
radii, ulnae and tibiae and the distal ends of the femora. The patellae are practically 
outlined by these deposits.” 

Laboratory studies suggested no explanation for these findings. The child, who was 
five weeks old when first observed, died during the period of observation. A patent ductus 
arteriosus was found at postmortem examination. Microscopic examination of the patella 

Fairbank, in 1927, reported two cases. The first patient, seen at one month of age, 
had congenital shortness of one leg. On roentgenographie examination it was found that: 
“The epiphyses of the long bones of the leg, and the tarsal bones, are represented by a 
number of discrete dense spots giving a curious stippled appearance”. This patient died 
number of discrete dense spots giving a curious stippled appearance”. This patient died 
when nine months of age. His second patient was two years of age when seen. The roent- 
genographic findings were similar. Fairbank’s conclusions were that it was difficult to fit 
these findings into the dyschondroplasia group, and that it was necessary to regard them 
as examples of a new affection. 

Geyman, in 1931, reported a case of a two-month-old child, brought to him for roent- 
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genographic examination “because of apparent shortness of the left lower extremity”, 
Roentgenographie study showed multiple small bony bodies, scattered about the region of 
all the joints examined. Geyman felt that these findings were indicative of a form of 
chondrodystrophy. The roentgenographie findings differed from ours in that many of the 
epiphyses appeared ragged. In our eases, the opacities were within the cartilage and not 
scattered about the region of the joint. 

Lightwood, in the same year, reported stippled epiphyses in an eleven-month-old 
child. This child had double congenital cataract, a finding seen in other reported cases, 
The patient died of acute miliary tuberculosis, a few days after admission. 

Bateman, in 1936, reported two cases of what he termed “punctate epiphyseal dys- 
plasia”. His first patient had congenital cataracts. 

Bloxsom and Johnston, in 1938, reported a case of “calcinosis universalis”. Their 
patient had skin involvement at birth, consisting of various sizes of creamy-colored horny 
plaques. The patient’s left leg was short, and was held in a flexed position. Roentgeno- 
grams showed multiple calcified areas throughout the cartilaginous portions of the long 
bones, and in the regions of the carpi and tarsi. Because the child was making a spon- 
taneous recovery, and because of high blood calcium three days after birth, Bloxsom and 
Johnston concluded that there had been a disturbance in the calcium metabolism of the 
mother or in the placenta, which caused abnormal deposition of calcium in the infant’s body. 

In 1939, Maitland described two cases, both of which had double congenital cataraets. 
The father of the children had a congenital absence, or presence in rudimentary form only, 
of the phalanges of the hands and feet. Maitland’s conclusions were: “The condition 
would seem, therefore, to be a direct hereditary transmission through the line of the male 
parent to the younger daughters”. 

Raap, in 1943, was the first to give a comprehensive summary of previous cases. He 
presented an investigation of four cases, with a report of a postmortem examination in one 
instance. His microscopic examination showed “an increase of fibrous tissue of periosteal 
character. Directly under this periosteum a formation of cartilage is noted. The deeper 
cells are acquiring a cartilaginous character. The deepest layers of cells form osteoid 
tissue, which is partly calcified. There is no evidence of malignancy.” He called the con- 
dition “chondrodystrophia calcificans congenita”. He had followed his cases for a period 
of four years and came to the conclusion that, although these abnormal calcifications were 
marked at birth, they disappeared by the age of three. 

In May 1944, Borovsky and Arendt reported a similar case and called it by the same 
title as Raap. The child had flexion deformities of the knees, where the calcium deposit 
was the heaviest. They found that the deposits of calcium could not be considered stippled 
epiphyses, because the epiphyses were well developed. Their conclusions were that the 
condition could best be placed in the category of chondrodystrophia, that no special treat- 
ment seemed necessary, and that the prognosis was good. 

The two cases reported here occurred in members of the same family. 

Case 1. On October 19, 1944, a two-month-old white girl was admitted to the Cincinnati Children’s 
Hospital for correction of bilateral congenital calcaneovalgus deformity. Routine roentgenographic 
studies of the long bones, wrists, elbows, ankles, knees, and spine, made on October 27, 1944, before 
correction, showed the epiphyses to have a stippled appearance, as though broken up into innumerable 
small fragments. The arrangement of these calcareous opacities was very irregular, and followed no 
definite pattern; they lay within the cartilage. They were found in most of the joints, but were most 
numerous in the region of the tarsi. There was also stippling at the ends of the femora and at the proximal 
end of each humerus. In the bones or periosteum none of the signs of congenital syphilis were seen, nor 
any constitutional abnormalities (Figs. 1-A and 1-B). 


History 


The child was born at the end of eight months of pregnancy and forty-eight hours of labor. Cephalic 
forceps were used. The weight at birth was five pounds and nine ounces. No cyanosis was present. 
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Fia. 1-A 


Case 1. 
irregular shape in the region of the tarsi. 

She had been breast fed since birth. No cod- 
liver oil or orange juice had been given. 

The father and mother were each twenty-one 
years of age and in good health. Neither parent had 
a family history of abnormalities. There had been 
one previous pregnancy, but no abortions or still- 
births. The other child was living and well, but a 
similar deformity of his feet had been present at 
birth. 


Physical Examination 


On admission the child weighed six pounds and 
ten ounces. She was a white girl, two months old. 
The general appearance was that of a well-developed 
and well-nourished infant, who appeared about the 
stated age. 


The skin was of normal color, moisture, and texture. 


No lymphadenopathy was observed. 


No petechiae or lesions were noted. The head was 
The 


evidence of cataract or other abnormality. A tend- 


normal in size and shape. eyes showed no 
ency toward saddle-nose deformity was observed. 
The ears and throat showed no abnormal findings. 
The thorax was normal in shape and contour. The 
chest was clear to percussion and auscultation. The 
heart was not enlarged; the rhythm was regular; 
and the rate was 110 per minute. No murmurs wert 
heard. The genitalia were normal. The extremities 
were symmetrical and showed no inequalities in 
length. The feet were everted; they were flat and 
broad across the tarsi, with marked abduction and 
pronation of the fore part of the foot. They wer« 


Roentgenogram of infant’s feet, showing numerous calcareous-appearing deposits of 





Fic. 1-B 


Roentgenogram of wrist, showing calcareous- 
appearing deposits in region of carpal bones and 
in first metacarpophalangeal joint. 


he ld was ho 


in a caleaneovalgus position. Ther 


limitation of motion of the other joints. The reflexes were physiological. 
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Laboratory Examinations 


Examination of the blood was as follows: 


t 


Red blood cells 3,510,000 

Hemoglobin 11 grams per 100 cubic centimeters 
White blood cells 10,500 

Polymorphonucleat leukocytes 55 per cent. 

Lymphocytes 42 per cent. 

Monocytes 3 per cent. 


Sedimentation rate (Wintrobe method) 0.22 millimeter per hour 
Blood chemistry 


Phosphorus 5.0 milligrams per 100 cubic centimeters 
Calcium 10.2 milligrams per 100 cubic centimeters 
Phosphatase 7.9 milligrams per 100 cubic centimeters (Bodansky units 


Cholesterol 75 milligrams per 100 cubic centimeters 


The blood Kahn test was negative. Purified protein derivatives No. 1 and No. 2 were negative 





Fic. 2-A 
Case 2. Roentgenogram of right foot of child, showing a few scattered calcareous deposits in the 
region of the tarsus. 





Roentgenogram of left foot, showing a few scattered calcareous deposits in the region of the tarsus. 
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Case 2. This boy, two years and eleven months of age, was a brother of the child presented as Case 1. 
His feet had been mildly everted at birth, but not so much as his sister’s. Roentgenographic examination 
of the long bones, ankles, knees, hips, wrists, elbows, and spine revealed abnormal findings only in the 
films of the ankles and feet. Scattered throughout the region of the tarsi, irregular caleareous-appearing 
deposits were seen within the cartilage. These were similar to those seen in the films of the patient’s 
sister, but were not so numerous (Figs. 2-A and 2-B). 


History 

The child had been born after a full-term pregnancy, with forceps delivery. No cyanosis had been 
present. The only deformity was slight eversion of the feet. 

He had been fed breast milk and bottled milk until eight months of age. Cod-liver oil and orange 
juice were started at three months of age; vegetables were started at four months, and meat at six months. 


Physical Examination 

The patient was a well-developed and well-nourished child, three years of age. The only abnormal 
finding was mild pronation of the feet, with medial prominence of the tarsi. 

Blood Wassermann tests of the mother and child were negative. Roentgenographic examination of 
the mother showed no abnormal findings. Roentgenographic examination of the father was not possible, 
since he was in Europe at the time. 


SUMMARY 


Case reports of a two-month-old white girl and of her brother, aged two years and 
eleven months, are presented because of the roentgenographic findings of calcareous de- 
posits within the cartilage of the joints and in many epiphyses. The girl was admitted for 
orthopaedic correction of talipes caleaneovalgus deformity, and the caleareous deposits 
were discovered during routine roentgenography. All laboratory studies failed to disclose 
the cause for the deposits. The boy had scattered irregular calcareous deposits within the 
cartilage about the tarsal bones, but these were less numerous than those found in his 
sister. 

After study of the British and American literature, nine similar case reports of in- 
fants were found. Several patients had congenital heart lesions or cataracts. Neither of 
these conditions was found in our patients. Several of the case reports mention stippled 
epiphyses in older children*-'®.!713.14. These cases are not similar to ours, because the 
authors report stippling of the epiphyses without the presence of diffuse caleareous 
opacities within the cartilage. We contend that our cases represent an entity separate and 
distinct from that occurring in older children. 
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OSTEOCHONDRITIS OF THE SUPRATROCHLEAR SEPTUM 


REPORT OF A CASE 


BY W. T. ROSS, F.R.C.S., JOHANNESBURG, SOUTH AFRICA 


In January 1945, Morton and Crysler! reported a series of six cases of osteochondritis 
dissecans of the supratrochlear septum, which condition they stated had not previously 
been described in the literature. Another case is reported here. 

The patient, aged twenty-one, was an airman in the Royal Air Force. At the end of 1944, he 
knocked his right elbow while doing dinghy drill. For some weeks he complained of stiffness in the 


elbow. This improved, but the elbow never quite returned to normal, and he found it difficult to extend 
it fully. 
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He was examined on December 31, 1945. The elbow appeared normal in all respects, except that 
extension was limited by 25 degrees. Attempts to force full extension caused pain behind the joint. 
Roentgenograms (Fig. 1) showed an oval, calcified, loose body, lying in the olecranon fossa. The fossa 
itself appeared larger than normal, with some sclerosis of its walls. As the elbow was extended, the loose 
body clearly tilted when the olecranon process came into contact with it (Fig. 2). 

On February 6, 1946, a posterior incision was made just lateral to the triceps tendon. The triceps was 
incised longitudinally, and the joint was opened. Lying in the olecranon fossa was a completely loose. 
smooth, oval body, which was easily removed. The supratrochlear septum was very thin and springy to 
pressure, with two or three small apertures in it. The wound was closed in layers, and a firm dressing 
was applied. 

By March 4, 1946, the wound was well healed and the patient had regained full movements of the 
elbow. Postoperative roentgenograms of both elbows (Fig. 3) showed the fossa clearly defined in the 
right humerus, from which the loose body had been removed. 


DISCUSSION 

This case appears to be identical in all respects to those described by Morton and 
Crysler. However, it is possible that the loose body did not arise from the supratrochlear 
septum by a process of osteochondritis, as they suggest, but rather from some other part 
of the joint—such as the capitellum—and that it became wedged in the olecranon fossa. 
As the olecranon process must impinge upon such a body, lying in this fossa, many hun- 
dreds of times a day, it seems reasonable to postulate that the loose body thus deepened 
its own bed on the posterior aspect of the supratrochlear septum, and did not actually 
arise from the septum itself. Unfortunately, the loose body was not examined histo- 





logically. 


Note: The author wishes to thank Air Commodore H. Osmond Clarke, C.B.E., for kind permission 
to publish this case. 
1. Morton, H.S., anp Crysier, W. E.: Osteochondritis Dissecans of the Supratrochlear Septum. J. Bone 
and Joint Surg., 27: 12-24, Jan. 1945. 
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PRIMARY LYMPHANGIOMA OF THE ILIUM 


REporT OF A CASE 
BY WILLIAM H. BICKEL, M.D., AND ALBERT C. BRODERS, M.D., ROCHESTER, MINNESOTA 


From the Sections on Orthopaedic Surgery and Surgical Pathology, 
Mayo Clinic, Rochester 


Lymphangioma of soft tissue is not an uncommon condition, as is evidenced by the 
many reports of such tumors in the literature. So far as can be determined, however, 
there are no recorded cases of primary lymphangioma of bone. Consequently, it was 
thought that the presentation of such a case would be of value. 


CASE REPORT 

A girl five years old was brought to the Mayo Clinic on December 1, 1943. A questionable diagnosis 
of “osteomyelitis of the left ilium” had previously been made. The child’s mother stated that fifteen 
months earlier, when the child had been three and a half years old, a limp had been noted in the left leg. 
Manipulative treatment had been employed, and the leg had been stretched. In November 1943, a 
roentgenogram had been made, and a defect in the ilium had been noted. The child had never com- 
plained of pain, and had been able to keep up with her playmates in activities. However, the limp had 
become progressively worse. 

The history of this patient was essentially irrelevant to her condition. She had been born at full 
term, by spontaneous delivery; she had begun to walk at the age of one year, and her development, 
except for the condition previously noted, had been normal. Shortly before the child was first seen, she 
had had an episode of chickenpox, which had left some residual scales. 

Results of a general physical examination were entirely negative. The patient’s left leg measured 
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Fic. 1-A 
Roentgenogram made on December 2, 1943, showing almost complete absence of the left 


ilium, with collapse of the pelvis on the left. 
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An earlier roentgenogram made on September 28, 1942, and obtained from the patient’s local 
physician, showing the onset of the lytic process in the left ilium. 


nineteen inches (about 48.3 centimeters) from the anterior superior spine of the ilium to the medial 
malleolus; the right leg measured twenty and one-half inches (about 52 centimeters) between the samé 
reference points. The apparent length of the left leg, as measured from the umbilicus to the medial 
malleolus, was twenty-two and one-half inches (about 57 centimeters) ; the apparent length of the right 
leg, between these reference points, was twenty-three and one-half inches (about 60 centimeters). 


Trendelenburg test for stability of the 





Fic. 2 


hip was positive on the left. 





Photomicrograph ( 50) showing fat and fibrous tissue that have 
been infiltrated by lymphangioma (hematoxylin and eosin stain). 


Weakly positive reactions 
were obtained routinely to the 
Kline, Kahn, Hinton, and Was- 
sermann tests. These results were 
thought to be caused by the re- 
cent episode of chickenpox from 
which the child was recovering 
The presence of syphilis could 
not be established. Results of 
urinalysis were negative. The 
value for hemoglobin was 129 
grams per 100 cubic centimeters 
of blood. Erythrocytes numbered 
4,000,000, and leukocytes, 14,600 
per cubic millimeter of blood. 
The differential count was within 
essentially normal limits. Using 
the Westergren method, the sedi- 
mentation rate was 9 millimeters 
in one hour. Studies of blood 
chemistry revealed the value for 
calcium to be 109 milligrams, 
and that for phosphorus, 5.2 mil- 
ligrams per 100 cubic centimeters 
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Roentgenogram made on February 18, 1944, showing pelvis after the patient had received the 
first course of roentgen-ray therapy and traction; the pelvic outlet has been restored somewhat. 


Roentgenogram made on July 20, 1944, showing beginning absorption « 
continued absorption of the ilium. 
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Fic. 4 


Roentgenogram made on August 8, 1945, showing extension of destruction to the sacrum and 
the fourth and fifth lumbar vertebrae. 


of serum. The value for phosphatase was 6.6 units per 100 cubic centimeters of serum, as determined by 
the Bodansky method. Reaction to the tuberculin test in the first strength was negative. Roentgeno- 
grams of the pelvis, which were made at the Clinic, showed almost complete absence of the left ilium 
from the-sacro-iliac joint te the acetabular region, there being a small remaining portion of the roof of 
the acetabulum over the middle half of the head of the femur (Fig. 1-A). The left side of the pelvis 
was “telescoping” into the pelvic viscera. There was no evidence of any formation of new bone in this 
area. Roentgenogram of the skull did not disclose disease of the bone. 

In the absence of any tumefaction and symptoms, the first consideration was that of congenital 
absence of the ilium. The child’s mother, however, on reviewing the roentgenograms, felt that they did 
not show the same picture as the original ones that had been made elsewhere. Consequently, the latter 
roentgenograms, made on September 28, 1942, were obtained and re viewed. They showed that an 
osteolytic process involved the posterior portion of the ilium, and extended down toward the acetabulum 
(Fig. 1-B). Dissolution of the sacro-iliac joint had already begun. Hence, the problem of differential di- 
agnosis and treatment became most difficult. Biopsy was proposed and carried out on December 21, 1943. 

An elliptic incision was made over the anterior superior spine of the ilium and over what would 
normally be the crest of the ilium. The muscles were dissected down to what remained of the acetab- 
ulum. After the incision had been made, and, as the aforementioned procedure was being carried out, 
a thin, straw-colored fluid exuded, similar to the fluid seen in the presence of lymphoedema. Pressure 
on the tissues caused oozing. Some of the tissue, cartilage, and bone from the region of the acetabulum 
was removed for histopathological examination. After the bleeding had been stopped, the incision was 
closed in the usual manner. Long-leg traction in moleskin was applied, postoperatively. 

Macroscopically, the tissue removed was without significance, because it consisted of small pieces 
of cartilage, bone, and adjacent soft tissue in which the normal anatomical relationships had been lost. 
Histopathologically, the small pieees of cartilage and bone were unsatisfactory for study, because they 
did not reveal the true nature of the lesion. On the contrary, however, histopathological study of speci- 
mens of the adjacent soft tissue disclosed that a lymphangioma had infiltrated the fat, fibrous tissue, and 
muscles. The lymphangioma consisted of lymphatics and lymph sinuses lined with flat endothelium 
(Fig. 2). 

Because of the collapse of the pelvis, it was thought wise to attempt to restore it by any method 
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possible, while a course of roentgen-ray treatment was being administered. The patient was placed in a 
east after the incision had healed, and a Hook-Martin traction apparatus was applied. This resulted in 
some degree of widening of the pelvic outlet, as evidenced by the roentgenogram made on February 18, 
1944 (Fig. 3-A). After the patient’s first series of roentgen-ray treatments, it was thought that some 
increase in formation of bone had occurred, and that no increase in destruction of bone had taken place 

The Kline, Kahn, Hinton, and Kolmer tests, made while the patient was in the Hospital, showed 
that the reactions had become negative. 

Roentgen-ray therapy consisted of seven light doses, administered at monthly intervals. The last 
treatment was given on June 27, 1944. A roentgenogram made on July 20, 1944 (Fig. 3-B), showed some 
increase in destruction of that portion of the bone which remained above the acetabulum An indented 
erosion situated just above the ischial tuberosity was noted. Further, some degree of collapse of the 
pelvis was noted; it was impossible to maintain the position that had been gained. It was felt that the 
patient had reached the limit of tolerance to roentgen-ray therapy, and that the tumor appeared to br 
not radiosensitive. Consequently, the therapy was discontinued 

The mother of the patient sent us a roentgenogram that had been made on August 8, 1945 (Tig. 4). 
In this roentgenogram marked extension of the lytic process was evident. The left ischium seemed to be 
disappearing, and it appeared that involvement of the sacrum and the fourth and fifth lumbar vertebrae 
had commenced, with nearly complete disappearance, on the left, of the facets between these vertebrae. 
Appare ntly, by this date, involvement of the head of the femur had not vet taken place The patient’s 
clinical course at that time was apparently the same. She had a painless limp 

Roentgenograms made on September 23, 1946, showed marked extension of the destructive process, 
so that more than two thirds of the left innominate bone had disappeared (Fig. 5). Dissolution of the 
pedicles of the vertebrae, facets, and spinous process on ti left had occurred, with some degree of rotary 
displacement of the right sacro-iliac joint. There was some question as to involvement of the trochanteric 


region of the left femur. 
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Roentgenogram made on September 23, 1946, showing pelvic deformity and extension of 
the erosion. 
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Clinically, although the patient was still without pain, she was being taken to and from school, and 
was using a wheel chair. She was unable to walk without a marked limp. 


COMMENT 


Histologically, the periosteum of normal bone contains a rich plexus of lymphatie 
capillaries. It is possible that this tumor arose in the periosteum, and gradually caused 
dissolution of the ilium, ischium, and portions of the vertebrae, by invasion of the blood 
and lymph spaces contained therein. Not much is known about the lymphatic vessels of 
the bone marrow and cancellous bone, but such porous structures, rich in body fluids, must 
certainly contain lymphatic vessels. It is known that lymphatic vessels do accompany the 
blood vessels in the Haversian canals. Hence, it is conceivable that this tumor could arise 
primarily within the bone. 

The question as to whether this tumor could have arisen in the soft tissue surrounding 
the bone, and caused secondary erosion of the ilium, is a speculative one. However, since 
there is ample room for expansion of such a lesion into the surrounding tissue, it is difficult 
to conceive that the ilium should have disappeared because of pressure erosion in the 
absence of tumefaction. Explanation of the progressive extension across joint lines is 
difficult, unless it is accepted that the origin of the tumor was periosteal. In the literature 
several cases have been reported in which rather acute spontaneous absorption of bone had 
occurred. The tissue in these cases, however, exhibited degeneration, and was not inflam- 
matory or neoplastic. 


RUPTURE OF THE POPLITEAL FASCIA 
BY HOWARD R. DUDGEON, JR., M.D., WACO, TEXAS 


Although a great deal has been written about knee injuries, especially cartilage in- 
juries and fractures into and around the knee joint, rupture of the popliteal fascia with 
herniation of the hamstring muscles has not been discussed adequately in the medical 
literature. The condition is not rare, but is uncommon. In the standard texts of anatomy 
are described two layers of fascia in the popliteal region—the superficial and the deep, or 
popliteal, fascia. The popliteal fascia is thin, but possesses considerable strength because 
of the transverse fibers which are interwoven among its longitudinal fibers?. It is firmly 
attached on each side to the tendons of the muscles which bound the popliteal fossa. 
Proximally it is continuous with the fascia lata of the thigh. 

Following are the reports of two cases,—one a recent injury to an Australian civilian, 
and the other an old injury to a soldier. 
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Case 1. J. K., an Australian civilian, aged forty-six, while lifting a heavy weight, had a sudden pain 
in the left popliteal space and had to sit down for about thirty minutes. When he attempted to walk, 
there was severe pain in the knee and rapid swelling in the popliteal space. When seen, three days later, 
the patient stated that he had been unable to work for the past three days and could walk without pain 
only when keeping his knee stiff. He felt that he had a “knot” on the back of his knee. There had been 
no previous knee injury. 

The physieal examination was negative, except for the left popliteal space. There was some dis- 
coloration of this area and, when the patient flexed his knee partially, a mass the size of a lemon appeared 
on the medial portion of the popliteal space. This mass was firm and tender on pressure. Full extension 
of the knee caused the mass to disappear; attempted extension of the partially flexed knee against 
opposition made it firmer and more prominent. No fluid could be aspirated from the mass, and roent- 
genograms were negative. There was no instability of the knee in any direction. The preoperative 
diagnosis was partial evulsion of the attachment of the semitendinosus or semimembranosus. 

An operation was done, using 1 per cent. procaine and a mid-line incision in the popliteal space. 
The tissues were found to be infiltrated with blood and the popliteal fascia was torn obliquely. The 
muscle bellies and some of the tendinous parts of the semitendinosus and semimembranosus were found 
to herniate through the fascial rent when the knee was partially or completely flexed. The attachments 
of these muscles were not torn. The tear was overlapped and closed with interrupted sutures of No. 1 
chromic catgut. The leg was immobilized in extension for two weeks with a thigh-length anterior splint. 
Gradual weight-bearing and exercise were started; complete recovery occurred in from five to six weeks. 

Case 2. A soldier, twenty-three years old, had a painful, unstable left knee and a mass in the 
popliteal space. Five years before, a tree had fallen on his knee, and he had been disabled for five or six 
weeks. Roentgenograms taken at that time showed no fractures. The mass was noticed after he had 
recovered from his injury and had resumed walking. It did not increase in size, but was more noticeable 
on flexion. The knee had been unstable since the accident. When seen, the patient was unfit for duty. 

Physical examination disclosed a complete tear of the fibular collateral ligament. Roentgenograms 
were negative. There was a firm mass, the size of a walnut, in the popliteal space; this mass became 
more prominent on flexion of the knee and partially disappeared on extension. Locking of the knee 
did not occur. 

Because a Baker’s cyst was suspected, about 100 cubic centimeters of air was injected into the tumor. 
No fluid could be aspirated. Roentgenographically, no air was seen in the knee joint; most of it seemed 
to have traveled proximally in the muscle planes. 

The patient was operated upon and a tear, one inch by two inches, was found in the popliteal fascia, 
with herniation of the muscle belly of the semitendinosus. After the fascia had been freed, the tear was 
easily overlapped with interrupted sutures of No. 1 chromic catgut. The ruptured fibular collateral 
ligament was repaired with fascia lata, according to the technique described by Cam phe ll. The leg was 
immobilized. 

The patient had an uneventful recovery and when last heard from, eight months after operation, 


was doing full military duty. 
DIFFERENTIAL DIAGNOSIS 


In these cases it is difficult to distinguish between a Baker’s cyst*, chronic bursitis 
around the knee joint, the usual fat pads in an obese person, and a lipoma. When there is 
doubt as to the diagnosis, aspiration should be carried out, if possible, and about 100 cubie 
centimeters of air injected. Roentgenograms should then be taken. If a Baker’s cyst is 
present, there will be air in the knee joint; if a chronic bursitis, there will be air only in the 
bursa; if a fat pad, lipoma, or popliteal rupture is present, there will be air in the tissue 
and muscle planes. A history of injury and the fact that the mass is more prominent on 
flexion of the knee will aid further in making the diagnosis of rupture of the popliteal fascia. 

If a ruptured popliteal fascia is causing pain and disability, surgical repair is necessary. 
The treatment of this condition is simple and satisfactory, if one realizes the abnormality 
which is present. 

REFERENCES 
1. Camppett, W. C.: Operative Orthopedics, pp. 415-416. St. Louis, C. V. Mosby Co., 1939 
2. Cunningham’s Manual of Practical Anatomy, Ed. 7, Vol. 1, p. 307. New York, William Wood and Co., 
1919. 
3. Haccart, G. E.: Posterior Hernia of the Knee Joint: A Cause of Internal Derangement of the Knee 
In Surgical Practice of the Lahey Clinic, pp. 635-648. Philadelphia, W. B. Saunders Co., 1941. 
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A SLING FOR USE IN LEGG-PERTHES DISEASE 
BY CLARENCE H. SNYDER, M.D., GRAND RAPIDS, MICHIGAN 


It is generally agreed that good results can be obtained in Legg-Perthes disease, if 
treatment is begun early. This usually means some form of rest; frequently traction or 
a plaster cast is used, and sometimes a so-called non-weight-bearing caliper. Often the 
surgeon has difficulty both with the parents and with the patient, who usually is an other- 
wise healthy child and does not wish to be kept in a cast or in traction. The non-weight- 
bearing caliper does not give adequate rest or freedom from weight-bearing, and the results 
with this type of treatment have been poor. Some children have been treated by non- 
weight-bearing alone; crutches and sometimes a lift on the shoe of the good leg are used to 
keep them from putting weight on the involved side. Most of these patients will get better 
if they can be kept from weight-bearing. If kept in bed, however, they will sometimes get 
up on their knees, or walk around the room. When permitted to use crutches, they will dis- 
regard instructions at times and will walk or bear weight on the bad leg in spite of all 
observation and entreaties. 

A sling, which the author has used in several cases in which the disease was unilateral, 
has proved most satisfactory. 


F. H., an eight-year-old boy with unilateral Legg-Perthes disease, had an initial 


period of bed rest, after which he was allowed up with crutches; he continued, however, to 
bear weight on the involved leg, either walking or standing on it at times. His father asked 








Fig. 1 Fic. 2-A 
Fig. i. 7. aged ten, is wearing the sling for Legg-Perthes disease which is made to hang 
posteriorly. rhis is better adapted for the use of a girl. In this case, the condition is still active. 
Fig. 2-A: F. H. is shown wearing the sling for Legg-Perthes disease, hung from the side 
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A SLING FOR USE IN LEGG-PERTHES DISEASE 040 


for some sort of sling to help the child hold his leg off the ground, and the one shown in 
Figure 2-A was the result. Several children are now wearing this type of sling, and are 
able to walk with crutches and attend Orthopaedic School. 

The sling may be made from leather or webbing, about one and one-half inches wide; 
it hangs from the opposite shoulder and is riveted together or sewed at the belt line or the 





Fig. 2-B 
Roentgenograms taken August 29, 1944, in the advanced stage of the diseas: 








Fig. 2-C 
Roentgenograms taken August 26, 1946, show result two years later. The patient made a 
complete recovery, and had shortening of the leg of about one-quarter of an inch 
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trochanteric region. It hangs either at the patient’s side or behind him. The knee is flexed 
to about a right angle, and the weight of the sling is borne by the lower portion of the 
tibia. An additional small strap may be placed around the shoe, just anterior to the heel, 
to help hold it in place. 

Most of the patients who have tried this sling have been boys, but some girls are now 
wearing it (Fig. 1). The children have been much happier, and more contented and ¢o. 
operative since wearing the sling. They go where they wish, but avoid standing on the leg. 
They play games without worrying about weight-bearing, ride in cars, attend school, go 
swimming, get into the bath tub, et cetera. Night casts or traction have not been found 
necessary. The muscle spasm disappears after a few weeks; and quite normal rounding 
of the head of the femur results in due time without much muscle atrophy and, in most 
vases, with very little shortening of the limb. 


A HANDY PIN INSERTER * 
BY GEORGE R. DAWSON, JR., M.D., FLORENCE, SOUTH CAROLINA 


A pin inserter, made from the “T” on a Jacobs chuck, is useful in various procedures, 
It is particularly advantageous when the left hand is needed to hold the part, as in trans- 
fixing an olecranon fracture or in transfixing a phalanx in arthrodesis of a toe. 





Fic. 1 


* Exhibited at the Annual Meeting of The American Academy of Orthopaedic Surgeons, Chicago, 


Illinois, January 1946. 
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A MOTOR-DRIVEN SCREW HOLDER AND SCREW DRIVER * 


BY GEORGE R. DAWSON, JR., M.D., FLORENCE, SOUTH CAROLINA 


Several models of a motor-driven screw holder and screw driver are shown. Model A 

: . + < s a said a ie a = i “e 
is shown assembled in Figure 1, and the parts are shown separately in Figure 2. Figure 3 
shows the instrument inserted into a motor-driven chuck. 





* Exhibited at the Annual Meeting of The American Academy of Orthopaedic Surgeons, Chicago, 
Illinois, January 1946. 
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Fic. 9 
and the sleeve is slipped off the screw. 


the motor screw driver (slipping up the sleeve so that the screw driver projects beyond it) or by a hand 


chuck. 


The screw is seated in its slot, the sleeve is pulled up so that 


The speed of driving the screw can be determined by pressure of the foot on the rheostat. 


screw driver. 


and screw driver is fixed in the 








permitting the screw driver to slide up in the sleeve, 
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Holes are drilled in the bone, as shown in Figure 4. Into these holes are inserted plugs 
made from coat-hanger wire (Figs. 5 and 6). After each hole has been drilled, a plug is 
inserted to ensure the exact position of the plate. Figure 7 shows the screw holder inserted 
into the chuck, and Figure 8 shows the screw inserted into the screw holder. 

The speed of driving the drill is determined by the pressure of the foot on the rheostat. 
The last few turns are made either by the motor-driven screw driver or by a hand screw 
driver. Figure 9 shows the serew holder being released. 





Fic. 10 





Fia. 11 


Another view of Model C. Since there is no cuff to hold the screw, the screw can be driven 
all the way home in one movement. 


Figure 10 shows the three models of the instrument. Model C is made by cutting off 
the handle of a five-sixteenths-inch “snap-on” screw driver and turning it in a lathe to fit 
the quarter-inch Jacobs chuck on the motor. The blade of this screw driver has ih its 
middle third a tongue which rotates to hold the screw by friction. Model C has the 
advantage over Models A and B that it has no cuff to hold the serew, and therefore the 
screw can be driven all the way in with one movement; however, the screw is not held so 
firmly as it is in Models A and B, and the screw driver will jump off if the friction is 
too great. 
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AN IMPROVED ROTATING STIRRUP FOR USE IN THE TREATMENT OF 
FRACTURES OF THE FEMUR WITH SKELETAL TRACTION 


BY GERALD G. GILL, M.D., OAKLAND, CALIFORNIA 


This article presents an improvement in the treatment of fractures of the femoral 
shaft with skeletal traction. The improvement consists in the use of a long rotating stirrup, 
extending from the level of pin insertion in the tibial tubercle to the sole of the foot. This 
method permits immediate and efficient exercise of the quadriceps muscle and of the knee, 
and has been used by the author since 1940. 


APPARATUS 


The apparatus is composed of three parts: 

The first is a stainless-steel Steinmann pin, five thirty-seconds of an inch in diameter, 
preferably with a flat drill point. 

The second portion is a Thomas splint or Army 
half-ring splint, of sturdy construction, with side 
bars three-eighths of an inch in diameter. Rigidity 
is necessary so that pressure may be placed on the 
fragments through slings or side pressure pads. The 
Army half-ring splint, which is less rigid than the 
Thomas splint, tends to spring together, and may 
be stabilized by the application of a curved metal 
clamp to join the two side bars (Fig. 1). 

The long rotating stirrup differs from the usual 
Bohler rotating stirrup in that it extends from the 
tibial tubercle over the foot. It consists of two dises 
with set screws and holes for the Steinmann pin, 





Fia. 1 
Metal spreader bar, used to stabilize 
the Army half-ring splint. 























Fig. 2-A Fic. 2-B 
Long rotating stirrup. Detail of the dise portion of 
the rotating stirrup. 


together with the extension part of a cold-rolled steel, five thirty-seconds of an inch in 
diameter (Figs. 2-A and 2-B). 


METHOD AND TREATMENT 
A Steinmann pin is drilled through the tibial tubercle, and the long stirrup is attached 
to the pin. The Thomas splint is then applied, the distal end of the splint being fixed 
directly to the crossbar. Slings are then applied to the splint. 
Adjustments are made until the appearance of the thigh conforms closely to the 
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normal. Obvious lateral bowing is corrected by applying more traction; by varying the 
amount of abduction; or, finally, by aluminum pressure pads, clamped to the splint. As 
soon as the position is satisfactory to external appearance and by measurement, roent- 
genograms are taken to check the position. 

Statice quadriceps exercises are begun immediately. When the fracture has partially 
consolidated, a Pearson attachment is added to the Thomas splint, and knee motion is 
resumed. Weights and pulleys are attached so that a pull by the patient allows the knee 
to flex.* At this time, the amount of traction may be reduced to about eight pounds to 
facilitate flexion of the knee (Figs. 3-A, 3-B, and 3-C). 

Traction is maintained for twelve weeks, or until the fracture is united clinically. The 
pin is then removed, and knee motion is continued while the extremity is maintained in 
suspension. When the roentgenograms show considerable callus, a Thomas caliper splint 
for ischial weight-bearing is applied and worn for at least six months to prevent refracture, 
During this time, the patient should exercise against resistance to regain full flexion of the 
knee and full power of the quadriceps. 


DISCUSSION 


The long stirrup permits treatment in the original Thomas or Jones manner, with the 
knee fully extended. Full extension of the knee is never lost, and quadriceps exercises may 
be begun earlier and more efficiently. In addition, most femoral fractures fall into position 
very easily with the knee in the extended position. Indeed, supracondylar fractures may 
be so treated, and, if treatment is started early, contracture of the gastrocnemius is not 
allowed to occur. 

The author prefers the Steinmann pin to the Kirschner wire. The pin has very little 








Fig. 3-A 
' Complete traction apparatus. The Pearson attachment is applied after the fracture has united 
sufficiently to permit knee motion. (Photograph by U.S. Army Signal Corps.) 


* The discs of the stirrup should be oiled frequently to reduce rotation strain upon the Steinmann pin. 
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tendency to slip from side to side. It allows the use of the rotating stirrup, thus permitting 
knee motion without rotation of the pin in the bone. 

The site of placement of the pin is still a subject of controversy. Many surgeons 
prefer the supracondylar position, believing that knee motion is easier with the pin in this 
position and that, in certain supracondylar fractures, an upward pull on the distal frag- 
ment may correct posterior angulation. 

The supracondylar placement involves three distinct disadvantages: 

1. The pin transfixes the tendons which move the joint. Motion of the knee is thereby 
limited by pain and pull on these tendons. In patients treated with apparatus requiring 
multiple pins, seldom is more than 25 degrees of knee motion present with the pins in place, 

2. Experiences with femoral lengthening show that the pull of the femur inside its 
muscular cuff may jam the articular surfaces of the femur and the tibia, and may, if the 
knee is flexed, cause partial posterior subluxation of the tibia on the femur. This might 
occur in the treatment of older fractures with severe shortening. 

3. The supracondylar pin is close to the synovial reflections, and may actually tray- 
erse them. This causes added secretion, which promotes the formation of adhesions in the 
suprapatellar pouch. A sear tract is formed between the femur and the tendons,—an addi- 
tional factor to limit knee motion. 

Conversely, insertion of the pin through the tibial tubercle is safe, since there is no 
danger of piercing the femoral artery or the suprapatellar pouch. Traction is placed upon 
the muscles causing the shortening, and the knee joint is not jammed. Knee motion may 
be started as early as the condition of the fracture allows, and does not cause pain. The 
author has never seen laxity of the ligaments of the knee when efficient quadriceps exercises 
have been carried out from the beginning of treatment. 


DISCUSSION 
(Continued from page 475) 


disc injury. It is submitted that instability of the lower lumbar joints frequently is an underlying cause 
of dise rupture. In support of this is the fact that many of these patients give a history of back pain, 
preceding sciatica for months or years. Loss of the nucleus pulposus and subsequent flattening of the 
disc must have a detrimental effect upon the mechanics of the joint. It is believed that this accounts 
for the many cases in which back pain follows the removal of a herniated nucleus pulposus, although 
the sciatica is relieved. For these reasons it is our practice to do a spine fusion at the time of the dise 
operation in a majority of cases. By the use of internal fixation with screws, the period of confinement 
to bed and of subsequent disability is not prolonged over that following the simple disc operation. 

In regard to the diagnosis of a herniated nucleus pulposus, chief reliance is placed upon the history 
of sciatic pain and the clinical examinations, made by both the orthopaedic surgeon and the neurologist. 
The patients are divided into two groups: (1) those in whom the neurological signs are characteristic 
and convincing, and (2) those in whom the nerve signs are less definite and not convincing. In the former 
group, a definite diagnosis of a herniated nucleus is made; in the latter, the condition is suspected and 
exploration is advised, especially if spine fusion has been decided upon. 

At exploration, both the lumbosacral and the fourth and fifth lumbar interspaces should be ex- 
amined, as we have found a small number of double herniations. 
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A METHOD OF OFFSETTING THE EXTERNAL ROTATION OF 
LIMBS IN TRACTION 


BY ROBERT M. ROSE, M.D., NEW ORLEANS, LOUISIANA 


From the Department of Orthopaedics, Louisiana State University Medical School and 
the Louisiana State Charity Hosmtal, New Orleans 


In treating fractures of the hip region by traction, it is often found that the leg and 
foot fall into a position of external rotation. This may be difficult to overcome, and per- 
manent deformity will persist if healing occurs while the limb is in this position. 

This tendency of a limb to rotate externally may be overcome by utilizing the un- 
winding effect of the leg wrapping, through traction applied to it, as shown in Figure 1. 





7. 








Fic. 1 


When the elastic bandage is applied over the adhesive used for the skin traction, the band- 
age is wrapped in such a manner that it comes from beneath the leg to the outer side and 
then up over the anterior surface. The limb is wrapped from the ankle to just below the 
knee, and then distally to just below the belly of the calf. About six feet of bandage should 
remain. This is doubled, so that the free end is caught beneath the succeeding turns. 
The doubled portion of the bandage should have at least two full turns about the leg, and 
the free end should come up on the outer side. A triangular wire frame is then slipped 
through the loop of bandage, and two or three pounds of traction is placed upon it. This 
rotation force will be found to balance the leg in a normal position. 

There are two precautions to be observed: First, the last turn must not be allowed to 
pass over the peroneal nerve, where it crosses the fibula, or the patient will complain of 
pain in his foot; and, second, the doubled traction loop should be of sufficient length to 
prevent its being pulled out. 

This is a simple expedient which has been used effectively in over thirty cases. It over- 
comes the undesirable tendency of limbs in traction to rotate externally, and does not 
complicate or interfere with other traction. 
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A SIMPLE LEG HOLDER FOR HIP-NAILING OPERATIONS 


BY EDWARD PARNELL, M.D., ALBUQUERQUE, NEW MEXICO 


In establishments where an abundance of willing and helpful hands are available, it 
is an easy matter to maintain a fractured hip in reduction by having an intern sit on a low 
stool and hold the leg firmly. An abundance of help is usually not available when needed. 
however; and, although the leg holder to be described is unable to think ahead or shift in 
position a few degrees on command, yet in the writer’s experience it serves admirably. It 
can easily be made by an inexperienced carpenter, or by the surgeon himself. 
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Shows leg holder attached to wooden table, with patient in position. 


It consists simply of 
two hardwood boards, 
about twenty-four to 
thirty inches long by nine 
inches wide, held together 
at one end by two small 
hinges. A sliding, adjust- 
able prop is fixed to the 
under side, to maintain 
the boards at any desired 
angle with each other. 
The ordinary sliding fas- 
tener for holding storm 








Fic. 2 


View of under side of leg holder. Arrow points to adjustable bracket. 


windows open is suitable. Before the parts are assembled, one row of three-quarter-inch 
holes, three or four inches apart, is made in one board, and three rows of holes in the other. 
Three large pegs, to fit the holes, are made from sections of a broom handle. 

In use, the section with one row of holes is clamped to a table top with small C clamps. 
Any type of table will do, with or without a cassette tunnel. The writer uses a plain 
wooden table, with a built-in cassette slot (Fig. 1). The hip fracture is reduced, and the 
pegs, properly padded, are placed, one against the inner side of the knee on the sound side, 
to maintain abduction; one under the knee on the affected side; and one behind the ankle of 
the same side. The respective parts are then fixed to the pegs with bandages. 
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The patient is now ready to undergo whatever hip-fixation operation the surgeon 


intends to perform, such as that involving the use of the Smith-Petersen nail. 


It has been the habit of the writer to carry out this procedure, using the apparatus 
described, with only the assistance of a nurse. His sterile, gowned arms are covered with 
sterile ether stockings until reduction of the fractured hip has been effected; then the 
stockings are discarded and he proceeds with the driving in of the Smith-Petersen nail. 


A MODIFICATION OF THE BLADE-PLATE FOR THE TREATMENT 
OF INTERTROCHANTERIC FRACTURES OF THE HIP 


BY ROBERT GLEN BRONSON, M.D., MINNEAPOLIS, MINNESOTA 


From the Orthopaedic and Fracture Service, Minneapolis General Hospital 


One of the problems associated with the use of 
the blade-plate has been that of introducing the 
blade in such a way as to place it accurately in a 
predetermined position in the femoral neck, par- 
ticularly in the anteroposterior plane. 

A simple solution of that problem, which has 
proved consistently satisfactory, is the modification 
of the blade-plate shown in Figure 1. 

A longitudinal groove is made down the middle 
of the superior surface of the blade; the depth of the 
groove is approximately three-fourths the diameter 
of the guide wire to be used, and its width just great 
enough to allow easy motion of the guide wire 
through it. Heavy Kirschner wire is used for the 
guide wire, which is graduated in centimeters to al- 
low a relatively accurate determination of the neces- 
sary blade length. 

The guide wire is introduced through the center 
of the narrow, transverse linear defect, chiseled in 
the lateral cortex beneath the greater trochanter. 

The blade is then placed beneath the guide wire 
which fits snugly into the groove along the entire 
length of the blade, the wire being held in the 
groove by the pressure on it from above by the 
superior edge of the transverse defect, through 
which the blade is to be driven. The blade is driven 
in with a simple lug driver, in order that the blade 
may be perfectly free to follow the direction of the 
guide wire, 
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THE FUNCTIONS AND ACTIVITIES OF THE COMMITTEE ON ARTIFICIAL LIMBS Of 
THE NATIONAL RESEARCH COUNCIL 


A Preliminary Report * 


BY PAUL E. KLOPSTEG, PH.D., SC.D., EVANSTON, ILLINOIS 
Chairman, Committee on Artificial Limbs, National Research Council 


This presentation is intended to constitute a general and practical informational review rather than 
an official report covering the functions, activities, and plans of the Committee on Artificial Limbs of the 
National Research Council. 

The Committee on Artificial Limbs was established by the National Research Council following a 
conference that had been held in Chicago during the latter part of January 1945. This conference had 
been called at the instigation of The Surgeon General of the Army “to standardize artificial limbs”, but 
this proved to be impossible for the kind of meeting that had been arranged. However, out of the 
meeting came the suggestion that a study of existing devices by a small group of engineers, physicists, 
and surgeons, with a view toward making improvements and perchance developing new devices, seemed 
clearly indicated. It will be recalled that the work of the Committee in its initial stages was made 
possible through a grant from the Office of Scientific Research and Development through the Committee 
on Medical Research, and that, with the gradual liquidation of the organization of the Office of Scien- 
tific Research and Development, the sponsorship was assumed by the War Department, joined later by 
the Veterans Administration. At the present time, these two agencies share in supporting this work, the 
Veterans Administration being the principal contracting agency. 

The functions and responsibilities of the National Research Council, of which the Committee on 
Artificial Limbs is a part, are covered in the executive order of President Wilson, issued May 11, 1918. 
This order clearly limits its work to the scientific and technical fields. The functions of the Committee 
must be limited to these fields, if the kind of technical progress is to be made that we envisioned when 
we assumed responsibility for this work. 

Since there was no ready-made group of laboratories that could undertake work on the problems 
outlined by the Committee, it became necessary to find organizations with laboratories and personnel 
that could undertake such assignments. Most of these workers had had no experience with artificial limbs, 
but they did have experience in research and development. Between the two alternatives of experience 
in limb-fitting only, or in research and development only, the latter was the more important. With this, 
the necessary indoctrination with reference to artificial limbs could be acquired by obvious procedures, 
with the help and advice of the Committee. Under the plan of operation followed by the Committee, 
the surgeons delineate the problems and the engineers undertake to find the most appropriate methods 
of solving them. 

The first prosthetic device to be formally approved by the Committee, for use by the Veterans 
Administration and others, is the artificial arm developed by the Northrop Aircraft Company. Although 
this arm is still being tested, it satisfactorily meets the performance, strength, and hygienic requirements 
specified for this type of prosthesis. It has plastic construction, a plastic socket molded over a replica of 
the stump, and an elbow lock which can be made to mesh or disengage in a large number of positions 
by alternate pulls upon a control cord, attached to the shoulder harness. [A man who had had a bilateral 
amputation above the elbow demonstrated the above-elbow arm. An individual with a unilateral below- 
elbow amputation demonstrated a below-elbow prosthesis, equipped with a rotating wrist with step-up 
gears and locking mechanism.] 

One matter which should be mentioned is the hope and expectation of everyone concerned with 
these problems that all amputees may benefit from whatever positive results have been and may be 
achieved through the work of the Committee. There seems no alternative to the conclusion that pros- 
thetic devices will have to find their commercial outlet through the limb industry. Since veteran 
amputees constitute only about 5 per cent. of the total amputees in our population, it appears that at 
least 95 per cent. of the amputees will have to be accommodated through the limb industry, even though 
the Veterans Administration were to undertake the fitting and training of veterans through its own 
facilities. It seems indicated, therefore, that, if an agency or committee undertakes to develop plans by 
which improved artificial limbs shall be made available to amputees, that committee will have to give 
major consideration to questions of service and distribution to the large number of amputees whose 

disability is not connected with Military Service. 

Several approaches to the more important research problems seem desirable. For the arm and hand, 


* Read at the Annual Meeting of The American Academy of Orthopaedic Surgeons, Chicago, Illinois, 
January 27, 1947. 
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COMMITTEE ON ARTIFICIAL LIMBS 539 
designs are being prepared, utilizing several sources of power. The Committee hopes to develop a 
lightweight hand, at least as useful as the hook, with a satisfactory natural appearance. In addition, it 
hopes to make improvements in cosmetic covering. Several developments in the field of prostheses for 
the arm and hand are in progress. One of them is a hand which is operated by hydraulic cylinders. The 
power supply for the hand comes from an ingeniously designed pump mechanism, which is operated by 
the foot. [A unilateral amputee demonstrated a working model of this hydraulic mechanism, attached 
to a miracle hand.] 

Waterproof foot and ankle constructions of light weight are being developed. Several approaches 
to the problem of the knee lock for an artificial leg include both mechanical and hydraulic methods 
with a variety of controls. Exhaustive fundamental studies for all of these problems were made on the 
mechanics of walking and on the hand and arm motions required in daily life. A recent design of a 
hydraulic knee lock, not yet in its perfected state, has been developed by one of our subcontractors. [This 
new hydraulic knee lock was demonstrated to show how closely natural walking had been simulated.] 

In a phase of its cooperation with the limb industry, the Committee is engaged in an extensive 
program concerned with the development and reintroduction of the suction socket, originally an Ameri- 
can invention at the time of the Civil War and widely used abroad for the past few years. The Army 
Surgeon General’s European Commission on Amputations and Prostheses, of which Dr. Leonard T. 
Peterson, Dr. Rufus Alldredge, and the speaker were members, made an extended tour through European 
countries last spring to study and appraise the prosthetic devices being used by other peoples of the 
world. The suction-socket method of holding an artificial leg to a stump by means of a slight vacuum 
inside the socket was one of the important developments found in Germany. This was pointed out in 
the “Report on European Observations”. Cooperating with the Committee on Artificial Limbs in its 
program of developing the suction socket are a dozen concerns, comprising commercial limb makers and 
certain other subcontractors to the Committee. Extensive service tests and accumulation of scientific 
data are in progress. An orthopaedic surgeon has been appointed by the Committee to act as a con- 
sultant to each of the limb makers throughout the country who are participating in this program. A 
surgeon and limb fitters on the staff of the Committee are also available for advice and assistance. Based 
on the experience thus far, there is every indication that the suction-socket method of fitting will prove 
successful for selected cases. [An above-knee amputee demonstrated an artificial leg, equipped with a 
suction socket. No harnesses were used in conjunction with this artificial limb.] 

The cineplastic method, creating skin-lined tunnels through muscles that control the motion of the 
arm and hand, is being studied. This was observed principally in Munich, as done by Professor Max 
Lebsche. The program involves surgery by the latest techniques, as well as the development of improved 
prostheses. This procedure gives great promise of improving the dexterity of certain types of amputees 
Dr. Alldredge, with the cooperation of the office of The Surgeon General and of Dr. Rex L. Diveley, has 
made a motion picture of two of the cineplastic operations, which has already been shown at this Meeting 

One model of the arm and hand prosthesis which has been developed for cineplastic amputees is in 
the first stage of development. [The model was demonstrated.] 

In the time allotted to this presentation, it has been possible to give only a few of the high lights of 
the extensive program of the Committee on Artificial Limbs. The Committee is keenly aware that, no 
matter how successful the technical aspects of the work may be, the ultimate objectives will not hav 
been attained until the new and improved devices become generally available, through commercial 
channels, to the thousands of amputees who might benefit by having them. The ways and means of 
accomplishing this are not the responsibility of the Committee on Artificial Limbs, since under the 
National Research Council its functions are purely technical. 

Several other problems that are not strictly technical, but nevertheless highly important, have come 
to the attention of the Committee in the course of this work. I recognize the possibility that this bods 
of orthopaedic surgeons is aware of them, but I do not want to let the opportunity pass of emphasizing 
their importance. 

It seems, to a layman like myself, unfortunate that, after the amputation has been accomplished 
successfully, the amputee in most cases is no longer the concern of the surgeon. It seems equally un- 
fortunate that, after recovery, he may find himself in the hands of a limb fitter whose knowledge of the 
anatomy and fundamental mechanics of walking are far from profound. Much remains to be done for 
the unfortunates who have lost limbs, to help each in obtaining the best possible prosthesis for his 
particular case and to see that he is given every possible assistance in developing the use of the pros- 
thesis so that it may approximate the normal functions as closely as its technical limitations permit 
Iam not prepared to say whose obligation it is to supply what is obviously missing. There is a suggestion 
of a possible solution, however, in observations which members of The Surgeon General’s Commission 
made in Europe. where in some places orthopaedic surgeons concerned themselves exclusively with the 
proper fitting of limbs and training of amputees. One fact is particularly clear: We are not fulfilling our 
responsibility towards the amputee, unless we do more than provide him with a mechanical appliance 
that will substitute for a normal member. 
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The complete success of the program, in which the Committee on Artificial Limbs is carrying the 
responsibility for the technical development, can, it seems to me, be achieved only through the coopera. 
tive efforts of those who recognize what the problems are. This obviously includes orthopaedic surgeons 
to the extent that they will take an enthusiastic part, not merely in supporting such a program as that 
being conducted by our Committee, but also in efforts to carry the work further, as indicated. With 
more than 400,000 amputees in the United States alone, such efforts appear exceedingly worth while. 
Aside from any material considerations, there would be in store for those who participate great satisfae- 
tion in alleviating both physical and mental discomforts and in helping unfortunates toward regaining. 
in greatly increased measure, the ability to engage in normal activities. 


CHARLES FAIRBANK PAINTER 


1869-1947 


Charles F. Painter of Boston died on January 6, 1947. Descended from an old Virginia family, he 
was born at Grand Haven, Michigan, the son of a clergyman. He went to school in Great Barrington, 
Massachusetts, going on from there for one year to Williams College and then to Johns Hopkins Uni- 
versity. He obtained his medical education at the Harvard Medical School, having been graduated in 
1895 with such men as Elliott Joslin, Amory Codman, and Harvey Cushing. He then became a Surgical 
House Officer at the Massachusetts General Hospital. There he became interested in orthopaedic sur- 
gery, which he practised thereafter up to the day of his death. 

Early in his career he became interested in medical literature, later devoting much of his time to it. 
In 1901 he was co-author, with Dr. Goldthwait and Dr. Osgood, of the book, Diseases of the Bones and 
Joints. 

At first, he taught both at Harvard and Tufts Medical Schools. Concentrating his attention at 
Tufts, he became, in 1913, Dean of the Medical School and Professor of Orthopaedic Surgery, positions 
which he held until he resigned in 1922. 

He served for many years as Chief Orthopaedic Surgeon to the Carney Hospital; and, during World 
War I, he served as Orthopaedic Surgeon to the Chelsea Naval Hospital. At one time he was Ortho- 
paedic Surgeon to the Robert Breck Brigham Hospital and the House of the Good Samaritan. In the 
last years of his practice he held the position of Orthopaedic Surgeon to the Beth Israel Hospital and 
the Massachusetts Women’s Hospital. At one time he was Professor of the History of Medicine at 
Tufts Medical School, a subject in which he was greatly interested. For many years he was a member 
of the Medical Committee of the Industrial School for Crippled and Deformed Children. 

In 1899 he was elected to membership in. The American Orthopaedic Association, becoming its 
President in 1916. 

As a member of the Editorial Committee of The American Orthopaedic Association from 1908 
through 1914, Dr. Painter gave freely of his time and interest to The Journal, the publication of which 
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CHARLES FAIRBANK PAINTER 


was then the function of that Committee. From 1937 to 1944, he was a member of the Board of Associ- 
ate Editors; and for seven months following the death of Dr. Murray 8. Danforth, in June 1943, he 
served as Acting Editor of The Journal of Bone and Joint surgery During all these vears he contributed 
richly to the growth and development of The Journal, both in the editorial work and later as adminis- 
trator and counsellor. 

Besides all these activities, he became Librarian of the Boston Medical Library, a position he held 
for eight vears. In 1940 he assumed the editorship of the Year Book of Industrial and Orthopedic Sur- 
gery, which became valuable as a critical review of each year’s important literature on these subjects. 
His choice of subjects for review, clearness of expression, fair and judicial comments on the new and 
controversial reports were of great value, coming as they did from one who had had so many years of 
contemplative and surgical experience. 

As a person he was delightful—modest, with a strong sense of humor, one who was a good com- 
panion and full of common sense. He will be missed by his many friends and associates. Orthopaedic 


surgery has lost a great scholar. 
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THE AMERICAN ORTHOPAEDIC ASSOCIATION 


The Annual Meeting of The American Orthopaedic Association will be held at Hot Springs, Virginia, 
June 27, 28, 29, and 30, 1947, under the presidency of Dr. LeRoy C. Abbott. Headquarters will be at The 
Homestead Hotel. 

The tentative program as prepared by the Program Committee is as follows: 


Fripay, JUNE 27 
Morning Session 
The Primary Suturing of Compound Fractures Including Internal Fixation, Skin Graft, Compression 
Dressings and Other Salient Features. 
Arthur Davis, M.D., Erie, Pennsylvania. 
The Management of Venous Thrombosis of the Extremities. 
Daniel C. Elkin, M.D., Emory University, Georgia (by invitation). 
A New Approach in the Surgical Treatment of Lymphoedema of the Extremities. 
H. B. Macey, M.D., Temple, Texas. 
Bone Marrow and Blood Studies in Multiple Myeloma and Certain Other Skeletal Lesions. 
Ernest H. Falconer, M.D., San Francisco, California (by invitation). 
Bone and Joint Changes in Hemophilia. 
Ralph K. Ghormley, M.D., Rochester, Minnesota. 
Internal Fixation for Lumbar Spinal Fusion Operations. 
Don King, M.D., San Francisco, California. 


Noon: Executive Session. 


Afternoon Session 
The Painful Shoulder—Observations on the Role of the Tendon of the Long Head of the Biceps 
Brachii in its Causation. 
Harold H. Hitchcock, M.D., Oakland, California; 
C. H. Bechtol, M.D., Oakland, California (by invitation). 
A Preliminary Report on the Evaluation of Modifications of the Bankart Procedure for Recurrent 
Dislocations of the Shoulder Joint. 
Joseph B. Josephson, M.D., Philadelphia, Pennsylvania (by invitation) ; 
Jesse T. Nicholson, M.D., Philadelphia, Pennsylvania. 
Extra-Skeletal Ossification Simulating Sarcoma. 
Howard Hatcher, M.D., Chicago, Illinois. 
New Method for Fusion of Ununited Fractures of the Carpal Bones. 
Paul B. Steele, M.D., Pittsburgh, Pennsylvania. 
The Cineplastic Method for Upper-Extremity Amputations. 
Rufus H. Alldredge, M.D., New Orleans, Louisiana. 
Pseudarthrosis in the Lumbosacral Spine. 
Mather Cleveland, M.D., New York, N. Y.; 
David M. Bosworth, M.D., New York, N. Y. 


SATURDAY, JUNE 28 
Morning Session 
The Management of Comminuted Fractures of the Distal End of the Humerus Involving 
Elbow Joint. 
John L. McDonald, M.D., Toronto, Ontario, Canada. 
Fractures of the Capitellum Humeri. 
John C. Wilson, M.D., Los Angeles, California. 
Homografts in Orthopaedic Surgery. 
Myron O. Henry, M.D., Minneapolis, Minnesota. 
Congenital Pseudarthrosis: Follow-up Study after Massive Bone-Grafting. 
Harold B. Boyd, M.D., Memphis, Tennessee. 
Surgical Treatment of Intractable Plantar Warts. 
James A. Dickson, M.D., Cleveland, Ohio. 


the 
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Operation to Correct the Valgus Deformity Resulting from Pott’s Fracture. 
E. Bishop Mumford, M.D., Indianapolis, Indiana. 

An Evaluation of Penicillin Therapy in Acute Hematogenous Osteomyelitis. 
W. A. Altemeier, M.D., Cincinnati, Ohio (by invitation). 

Acute Hematogenous Osteomyelitis. A Study on Treatment. 
I. William Nachlas, M.D., Baltimore, Maryland. 


Sunpay, JUNE 29 
Morning Session 
Certain Features of the Mechanics of the Hip Joint. 
Verne T. Inman, M.D., San Francisco, California (by invitation) ; 
J. B. deC. M. Saunders, M.D., San Francisco, California (by invitation). 
Cartilaginous Cup Arthroplasty. 
John R. Moore, M.D., Philadelphia, Pennsylvania. 
Muscular Torticollis. 
Fremont A. Chandler, M.D., Chicago, Illinois. 
The Nitrogen Content of Bone. A Laboratory Study. 
L. J. Strabino, M.D., Wilmington, Delaware (by invitation) ; 
A. R. Shands, Jr., M.D., Wilmington, Delaware. 
Experimental Intervertebral-Dise Lesions. 
J. Albert Key, M.D., St. Louis, Missouri; 
Lee T. Ford, M.D., St. Louis, Missouri (by invitation). 
Overlap Bone Operation for Malunions and Persistent Non-Unions of Fractures of Both Bones of 
the Forearm. 
J. Warren White, M.D., Greenville, South Carolina. 
Presidential Address. 
LeRoy C. Abbott, M.D., San Francisco, California. 


Monpay, JUNE 30 
Morning Session 
Follow-up Studies in Congenital Dislocation of the Hip. 
Alan DeForest Smith, M.D., New York, N. Y., Chairman. 
Embryology of the Hip with Etiology and Pathology of Congenital Dislocation. 
Carl E. Badgley, M.D., Ann Arbor, Michigan. 
Congenital Dislocation of the Hip with Treatment Prior to the Age of Eight Years. 
Report of Results of Treatment of Congenital Dislocation of the Hip in Infancy. 
Frederic C. Bost, M.D., San Francisco, California; 
Helen Hagey, M.D., San Francisco, California (by invitation) ; 
Edwin R. Schottstaedt, M.D., San Francisco, California (by invitation). 
Report of Results of Treatment of Congenital Dislocation of the Hip Prior to the Age of Eight 
Years. 
C. H. Crego, Jr., M.D., St. Louis, Missouri. 
Report of Results of Treatment of Congenital Dislocation of the Hip. 
Wallace H. Cole, M.D., St. Paul, Minnesota. 
Late End-Result Studies of Treatment of Congenital Dislocation of the Hip. 
A. Bruce Gill, M.D., Philadelphia, Pennsylvania. 
Follow-up Studies and Additional Observations in Primary Anterior Congenital Dislocation of 
the Hip. 
H. R. McCarroll, M.D., St. Louis, Missouri. 
Congenital Dislocation of the Hip with Treatment in Older-Age Group. 
Report of Results of Treatment of Congenital Dislocation of the Hip by Osteotomy. 
Herman C. Schumm, M.D., Milwaukee, Wisconsin. 
Report of Results of Treatment of Unilateral Congenital Dislocation of the Hip by Arthrodesis 
Charles J. Frankel, M.D., Charlottesville, Virginia (by invitation). 
Report of Results of Treatment of Congenital Dislocation of the Hip by Vitallium-Mold 
Arthroplasty. 
M. N. Smith-Petersen, M.D., Boston, Massachusetts. 


Noon: Final Executive Session. 
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AMERICAN BOARD OF ORTHOPAEDIC SURGERY 


The American Board of Orthopaedic Surgery will hold its next examination—Part I1—in Chicago, 
Illinois, on January 22 and 23, 1948. 

The deadline for receipt of completed formal application and application fee is September 15, 1947. 
Letters of request and applications received after this date cannot be accepted. 

Correspondence and applications related to Part II of the examination should be sent to the Seere- 
tary of the American Board of Orthopaedic Surgery, Dr. Francis M. McKeever, 1136 West 6th Street. 
Los Angeles 14, California 


The American Rheumatism Association pursuant to its plans, which were interrupted by the Wa 
to hold a Congress of La Ligue Internationale contre le Rhumatisme in the United States during 1940 
is now announcing to all members its desire to sponsor an International Congress for Rheumatic Dis- 
ease in the United States in 1949. The time and place will be determined later, but will be approxi- 
mately contemporaneous with the Annual Convention of the American Medical Association 


The desperate and continued need for American publications to serve 1n the physical and inte Ile ctual 
reconstruction abroad has been made apparent by appeals from scholars in many lands. The American 
Book Center for War Devastated Libraries is making a renewed appeal for American books and peri- 
odicals,—for technical and scholarly books and periodicals in all fields and particularly for publications 
of the past ten years. Especially welcome are complete or incomplete files of The Journal. All contribu- 
tions should be shipped to the American Book Center, care of The Library of Congress, Washington 25, 
D. C., freight prepaid. Those interested may write to the Center for further information 


The University of Rochester School of Medicine and Dentistry in cooperation with the New York 
State Health Department and the National Foundation for Infantile Paralysis announces the establish- 
ment of a rehabilitation hospital for spastic children. This hospital will serve as a pilot plant for investi- 
gation and treatment of cerebral palsy for the state and nation. It is expected that the hospital will be 
located in LeRoy, New York, where an extensive tract of land has been offered to the University, with 
@ spacious residence which can readily be adapted to use as a hospital. The project will serve as a center 
of training for the various types of personnel concerned with the treatment and care of cerebral palsy 
patients throughout the State of New York and the nation. It is hoped that the hospital will be in 
operation by next summer. 


The Committee on Artificial Limbs of the National Research Council is supporting a program of 
research and development in the fitting of artificial limbs with suction sockets for above-the-knee 
amputees. The suction method of securing the artificial leg to the stump, although the subject of a 
United States patent in 1863, was apparently not used extensively until about seventy years later, when 
German limb makers began fitting such limbs to patients. Many successful cases were observed in Ger- 
many in 1946 by members of the Army Surgeon General's Commission on Amputations and Prostheses 

The Committee has secured the cooperation of a number of limb manufacturers in various parts of 
the country in exploring the problem. By experimenting in several geographical locations it is hoped to 
determine the effects of climate on the wearing of such limbs. Each manufacturer wil! have available 
as consultant an orthopaedic surgeon appointed by the Committee. All technical information in pos- 
session of the Committee is being made available to the manufacturers. 

A preliminary report will be prepared by the Committee as soon as sufficient data have been ob- 
tained and analyzed. The Committee has not approved the method for general use. Patients to be fitted 
should be selected only under the supervision of a competent surgeon, and the v should be assured that 
the limb fitter is thoroughly informed about the fitting and construction of suction sockets 


THE AMERICAN ACADEMY OF ORTHOPAEDIC SURGEONS 


The Fourteenth Annual Convention of The American Academy of Orthopaedic Surgeons was held 
at the Palmer House, Chicago, January 26, 27, 28, 29, and 30, 1947, under the presidency of Dr. J. E. M. 
Thomson. The Convention was the largest in the history of The Academy. The Audio-Visual Program, 
under the chairmanship of Dr. Charles N. Pease, was well arranged and attracted large audiences. The 
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Instructional Courses, under the chairmanship of Dr. Walter P. Blount, provided a wide choice and 
were well attended. The Scientific Program was arranged by the Program Committee, of which Dr 
Harold B. Boyd was Chairman. This was presented on the afternoon of Monday, January 27, and at 
the morning and afternoon sessions of Tuesday and Wednesday, and at the morning session on Thursday, 


January 30, as follows: 


Monpay, JANUARY 27 
Afternoon Session 
Treatment of Ununited Fractures by Onlay Grafts Without Screw or Tie Fixation. 
Dallas B. Phemister, M.D., Chicago, Illinois. 
Bone Grafts, an End-Result Study of the Healing Time. 
W. A. Bishop, Jr., M.D., Phoenix, Arizona; 
Richard C. Stauffer, M.D., Fort Wayne, Indiana; 
Captain Alvin L. Swenson, M.C., A. U.S. 
A Method Combining a Bone Graft and a Metal Plate in Non-Union of Long Bones 
G. Mosser Taylor, M.D., Los Angeles, California. 
Discussion of the foregoing papers: 
Surgeon General Norman T. Kirk, M.C., U.S. A.; 
George O. Eaton, M.D., Baltimore, Maryland; 
Dallas B. Phemister, M.D. 
Some Unusual Clinical and Pathological Aspects of Trauma. 
C. Fred Ferciot, M.D., Lincoln, Nebraska; 
Frank H. Tanner, M.D., Lincoln, Nebraska (by invitation). 
Discussion: Edwin F. Hirsch, M.D., Chicago, Illinois (by invitation). 
Preliminary Report of the Committee on Prosthetic Devices. 
Rufus H. Alldredge, M.D., New Orleans, Louisiana ; 
Paul E. Klopsteg, Ph.D., Chicago, Illinois (by invitation). 


Tvuespay, JANUARY 28 
Morning Session 
Slipping Epiphysis in the Adolescent Hip. 
Paul H. Martin, M.D., Jacksonville, Florida. 
Malunited Displaced Upper Femoral Epiphysis. End-Result Study of Sixty-Five Cases Treated by 
Osteotomy of the Surgical Neck with Internal Fixation. 
Carl E. Badgley, M.D., Ann Arbor, Michigan; 
John Wolgamot, M.D., Great Falls, Montana; 
James Miller, M.D., Seattle, Washington ; 
Alvin 8. Isaacson, M.D., Ann Arbor, Michigan. 
Discussion of the foregoing papers: 
Lewis Clark Wagner, M.D., New York, N. Y.; 
Harold E. Crowe, M.D., Los Angeles, California; 
Alan DeForest Smith, M.D., New York, N. Y.; 
J. Albert Key, M.D., St. Louis, Missouri; 
William T. Green, M.D., Boston, Massachusetts 
Treatment of Congenital Dislocation of the Hip. 
Professor Mudr. Bed?ich Frejka, Brno, Czechoslovakia (by invitation). 
Intertrochanteric Fractures of the Femur: A Survey of Treatment by Traction and Internal 
Fixation. 
Mather Cleveland, M.D., New York, N. Y.; 
David M. Bosworth, M.D., New York, N. Y.; 
Frederick R. Thompson, M.D., New York, N. Y. 
Discussion: Rex L. Diveley, M.D., Kansas City, Missouri; 
Paul L. Norton, M.D., Brookline, Massachusetts; 
J. Albert Key, M.D., St. Louis, Missouri; 
David M. Bosworth, M.D.; 
Frederick R. Thompson, M.D. 
Principles of Treatment of Multiple Limb Injuries. 
Sir Reginald Watson-Jones, F.R.C.S., London, England (by invitation). 
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Afternoon Session 
Results of Recent Studies and Experiments Concerning Internal Fixation of Fractures with Metals 
Charles S. Venable, M.D., San Antonio, Texas; 
Walter D. Stuck, M.D., San Antonio, Texas. 
Discussion: J. Albert Key, M.D., St. Louis, Missouri; 
Leonard Peterson, M.D., Washington, D. C.; 
Clay Ray Murray, M.D., New York, N. Y.; 
Walter D. Stuck, M.D. 
The Iliac Apophysis: An Invaluable Sign in the Management of Scoliosis. 
Joseph C. Risser, M.D., Pasadena, California. 
Discussion: William H. Von Lackum, M.D., New York, N. Y.; 
Francis E. West, M.D., San Diego, California; 
Alvia Brockway, M.D., Los Angeles, California; 
Joseph C. Risser, M.D. 
Anterior Tibial Tendon Transposition in Recurrent Congenital Club-Foot. 
George J. Garceau, M.D., Indianapolis, Indiana; 
kK. R. Manning, M.D., Indianapolis, Indiana. 
Discussion: Hiram Kite, M.D., Atlanta, Georgia; 
Charles W. Peabody, M.D., Detroit, Michigan; 
Eben W. Fiske, M.D., Pittsburgh, Pennsylvania; 
George J. Garceau, M.D. 
Arthroplasty of the Hip for Congenital Dislocation in Children. 
Paul C. Colonna, M.D., Philadelphia, Pennsylvania. 
Discussion: C. H. Crego, M.D., St. Louis, Missouri; 
C. R. Rountree, M.D., Oklahoma City, Oklahoma; 
Paul C. Colonna, M.D. 
Coxa Plana. 
M. B. Howorth, M.D., New York, N. Y. 
Discussion: A. Bruce Gill, M.D., Philadelphia, Pennsylvania; 
M. N. Smith-Petersen, M.D., Boston, Massachusetts; 
George Hammond, M.D., Sayre, Pennsylvania; 
M. B. Howorth, M.D. 


WEDNESDAY, JANUARY 29 
Morning Session 
Growth of the Lower Extremity Affected by Anterior Poliomyelitis; Experiences in Equalizing Dis- 
crepancies by Epiphyseodesis. 
William T. Green, M.D., Boston, Massachusetts; 
Margaret Anderson, M.S., Cambridge, Massachusetts (by invitation). 
The Effect of Roentgen Irradiation on Epiphyseal Growth. Experimental Studies upon the Dog. 
J. A. Reidy, M.D., Boston, Massachusetts ; 
Joseph 8S. Barr, M.D., Boston, Massachusetts; 
James R. Lingley, M.D., Boston, Massachusetts; 
Edward A. Gall, M.D., Boston, Massachusetts. 
Discussion of the foregoing papers: 
Edward L. Jenkinson, M.D., Chicago, Illinois (by invitation) ; 
Frederic C. Bost, M.D., San Francisco, California; 
J. Warren White, M.D., Greenville, South Carolina; 
Dallas B. Phemister, M.D., Chicago, Illinois; 
William T. Green, M.D. 
Presidential Address. 
J. E. M. Thomson, M.D., Lincoln, Nebraska. 
Subtrochanteric Osteotomy in the Mobile Hip Controlled by the Well-Leg Traction Splint. 
J. Warren White, M.D., Greenville, South Carolina; 
J. H. Turkell, M.D., Greenville, South Carolina. 
Discussion: Herman C. Schumm, M.D., Milwaukee, Wisconsin; 
Robert G. Packard, M.D., Denver, Colorado; 
J. Warren White, M.D. 


Our Experience in Treatment of Fracture of the Neck of the Femur. 
José Luis Bado, M.D., Montevideo, Uruguay (by invitation). 
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Afternoon Sesston 
Treatment of Spondylitis Deformans by Manipulation. 
M.S. DeRoy, M.D., Pittsburgh, Pennsylvania; 
Harry Fisher, M.D., Pittsburgh, Pennsylvania. 
Discussion: Robert W. Johnson, M.D., Baltimore, Maryland; 

Dennis 8. O’Connor, M.D., New Haven, Connecticut; 
Lenox D. Baker, M.D., Durham, North Carolina; 
M.S. DeRoy, M.D. 


Effect of Antireticular Cytotoxic Serum on the Healing of Fractures. A Preliminary Report of a 
Clinical Study. 
Vernon Thompson, M.D., Los Angeles, California; 
Frederic W. Ilfeld, M.D., Los Angeles, California; 
John Grube, M.D., Los Angeles, California; 
Reuben Straus, M.D., Los Angeles, California; 
Moris Horwitz, M.D., Los Angeles, California. 
Discussion: Francis M. McKeever, M.D., Los Angeles, California; 
Vernon Thompson, M.D. 


Veteran’s Problem. 
Paul B. Magnuson, M.D., Washington, D. C. 
Styloidectomy of the Radius in the Surgical Treatment of Non-Union of the Carpal Scaphoid. 
Leonard Barnard, M.D., Oakland, California; 
Major Sam G. Stubbins, M.C., A. U.S. 
Discussion: Ralph Soto-Hall, M.D., San Francisco, California ; 
Edwin F. Cave, M.D., Boston, Massachusetts; 
Leonard Barnard, M.D. 


The Contact Splint. Addenda III. Experimental Study of Fracture Sites. 
G. W. N. Eggers, M.D., Galveston, Texas; 
William H. Ainsworth, M.D., Galveston, Texas (by invitation) ; 
Norman Wright, M.D., Galveston, Texas (by invitation). 
Discussion: Arthur G. Davis, M.D., Erie, Pennsylvania; 
Harold E. Crowe, M.D., Los Angeles, California; 
George J. Garceau, M.D., Indianapolis, Indiana; 


G. W. N. Eggers, M.D. 


Tuurspay, JANUARY 30 
Morning Session 
Surgical Experiences with Injury to the Clavicle. 
Thomas H. Peterson, M.D., Boston, Massachusetts. 
Discussion: E. Bishop Mumford, M.D., Indianapolis, Indiana; 
Malcolm B. Hadden, M.D., Berkeley, California (by invitation) 


Fusion of the Hip in Children—Chandler Method. 
Charles N. Pease, M.D., Chicago, Illinois. 


Tuberculosis of the Hip in Children. 
H. Relton McCarroll, M.D., St. Louis, Missouri; 
Robert D. Heath, M.D., St. Louis, Missouri. 
Discussion: Robert Perlman, M.D., Cincinnati, Ohio; 
H. D. Morris, M.D., New Orleans, Louisiana; 
Joseph S. Barr, M.D., Boston, Massachusetts; 
A. Bruce Gill, M.D., Philadelphia, Pennsylvania; 
Gerald Gill, M.D., Oakland, California; 
Charles N. Pease, M.D.; 
H. Relton McCarroll, M.D. 
Flexor Tendon Grafts to the Fingers and Thumb. 
Walter C. Graham, M.D., Santa Barbara, California. 
Tendinous Reconstruction of the Hand Following Irreparable Peripheral Nerve and Brachial Plexus 
Injury. 
Captain C, A. Luckey, M.C., A. U.S. (by invitation) ; 
Captain 8. R. McPherson, M.C., A. U. 8. (by invitation). 
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Discussion of the foregoing papers: 
Sterling Bunnell, M.D., San Francisco, California; 
George Phelan, M.D., Cleveland, Ohio (by invitation) ; 
L. G. Howard, M.D., Boston, Massachusetts; 
Walter Graham, M.D. 

Executive Sessions were held on Tuesday noon and on Thursday noon. The Annual Dinner was 
held on Wednesday evening. Brief addresses were given by General Hawley, and by the foreign guests 
Professor Mudr. Bedifich Frejka of Czechoslovakia, Professor José Luis Bado of Uruguay, and Sir Regi- 
nald Watson-Jones of London. The presidential medallion was presented to President Thomson by 
Past-President Mumford. 

At this dinner the awards for scientific exhibits were made, as follows: 

Class I: For Originality of Presentation. 

1. John J. Fahey, M.D., and Michael De Cosola, M.D., Evanston, Illinois, “Pathology of the 
Shoulder after Experimental Dislocation at Autopsy”. 

2. J. Warren White, M.D., Greensboro, South Carolina, “Automatic Reciprocating Vacuum 
Dermatome”’. 

3. Dana Street, M.D., Memphis, Tennessee, “Plastic Braces”. 

Class II: For Scientific Value. 

1. Joseph 8. Barr, M.D., Boston, Massachusetts, “The Control of Epiphyseal Growth by 
Roentgen Irradiation”. 

2. Robert M. O’Brien, M.D., St. Louis, Missouri, “Polyostotic Fibrous Dysplasia of Bone” 

3. Paul C. Colonna, M.D., and Roy Peck, M.D., Philadelphia, Pennsylvania, “Metastatic 
Lesions in Bone”. 

Class IIT: For Clinical Value. 

1. J. A. Dickson, M.D., and Royston Miller, M.D., Cleveland, Ohio, “High Geometric Oste- 
otomy for Ununited Fractures”. 
J. E. Milgram, M.D., Brooklyn, N. Y., “Technique for Operative Restoration of Extensor 
Gliding Mechanisms of the Major Joints”. 
3. Austin T. Moore, M.D., and Joseph E. Brown, M.D., Columbia, South Carolina, “The Un- 
stable Spine and Dise Protrusions: Treatment with Self-Locking Prop Bone Graft”. 


to 


The following awards were also presented for Audio-Visual presentations: y 
Surgeon General Norman T. Kirk, M.C., U. 8. A., for films produced under his direction by the 
War Department—Certificate of Merit. 
Paul C. Colonna, M.D., for his film, “Arthroplasty of the Hip for Congenital Dislocation in 
Children”—Certificate of Merit. 
Ralph K. Ghormley, M.D., for his: film, “Chondromatosis of the Knee”—Honorable Mention. 
Clay Ray Murray, M.D., for his film, “Technique—Open Reduction—Long Bone Fracture”— 
Honorable Mention. 
At this dinner diplomas were presented to the following newly elected Fellows by President J. E. M. 
Thomson and Dr. J. Warren White, Chairman of the Membership Committee. 
Carroll Omar Adams, M.D., Mason City, Iowa 
W. Compere Basom, M.D., El Paso, Texas 
Ernst W. Bergmann, M.D., New York, N. Y. 
Ernest H. Bettmann, M.D., White Plains, New York. pres 
Joseph H. Boland, M.D., Atlanta, Georgia 
David Molley Camerson, M.D., El Paso, Texas 
Parker C. Carson, M.D., Springfield, Massachusetts 
Santino J. Catanzaro, M.D., Mt. Vernon, New York 
M. Melvin Clark, M.D., Rochester, New York 
Bernard N. E. Cohn, M.D., Denver, Colorado Uri 
John Joseph Crowley, M.D., Lynn, Massachusetts 
Joe B. Davis, M.D., Portland, Oregon 
Eliot M. Friedman, M.D., Utica, New York sk 


Kilian F, Fritsch, M.D., St. Louis, Missouri its 

William Edwin Gazeley, M.D., Schenectady, New York 

Gerald George Gill, M.D., Oakland, California = 
a 


Walter Henry Hagen, M.D., Billings, Montana 
Harry B. Hall, M.D., Minneapolis, Minnesota on 
George B. Higley, M.D., Memphis, Tennessee 

Ben L. Hull, M.D., Altoona, Pennsylvania 

Clarence William Hullinger, M.D., Springfield, Ohio 
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William M. Krigsten, M.D., Sioux City, Iowa 
Donovan L. McCain, M.D., St. Paul, Minnesota 
Leo James McDermott, M.D., Portland, Maine 
Frederick M. Marek, M.D., New York, N. Y. 
George Miyakawa, M.D., Charleston, West Virginia 
Manley A. Page, M.D., Chicago, Illinois 
Karl F. Pelka, M.D., Los Angeles, California 
John F. Register, M.D., Greensboro, North Carolina 
Fred C. Reynolds, M.D., St. Louis, Missouri 
Richard C. Ritter, M.D., Pittsburgh, Pennsylvania 
Peter G. Shifrin, M.D., Detroit, Michigan 
Chester Shinbach, M.D., Columbus, Ohio 
Michael Skovron, M.D., Erie, Pennsylvania 
Frank E. Stinchfield, M.D., New York, N. Y. 
Fred Louis Stutle, M.D., Peoria, Illinois 
Alvyn Weiss Tramer, M.D., Cleveland, Ohio 
Vernon C. Turner, M.D., Evanston, Illinois 
Margaret Watkins, M.D., Dallas, Texas 
I. Mark Zeligs, M.D., Cincinnati, Ohio 
It was announced that the following were elected to Corresponding Memb rship on October 5. 1946: 
Robert Merle D’Aubigne, M.D., Paris, France 
Jacques Leveuf, M.D., Paris, France 
Arnoldo Periera Rodo, M.D., Lisbon, Portugal 
E. J. Kanan, M.D., Porto Alegre, Brazil 
The following candidates were elected to Corresponding Membership on January 25, 1947 
Alexander Gillies, M.D., Wellington, New Zealand 
Guillermo De Velasco Polo, M.D., Mexico City, Mexico 
Alejandro Velasco Zimbron, M.D., Mexico City, Mexico 
The following candidates were elected to Honorary Membership on January 25, 1947: 
José Luis Bado, M.D., Montevideo, Uruguay 
Professor Mudr. Bedfich Frejka, Brno, Czechoslovakia 
Sir Reginald Watson-Jones, F.R.C.S., London, England 
The following members were transferred to Emeritus Membership on January 25, 1947 
Roland Hammond, M.D., Providence, Rhode Island 
Charles A. Reed, M.D., Minneapolis, Minnesota 
Loring Swaim, M.D., Boston, Massachusetts 
The officers of The Academy for 1947 are: 
President: Rex L. Diveley, M.D., Kansas City, Missouri 
President-Elect: Myron O. Henry, M.D., Minneapolis, Minnesota 
Vice-President: Alan DeForest Smith, M.D., New York, N. Y. 
Secretary: Harold B. Boyd, M.D.. Memphis, Tennessee 
Treasurer: Fremont A. Chandler, M.D., Chicago, Illinois 
Librarian-Historian: Edward L. Compere, M.D., Chicago, Illinois 
The Fifteenth Annual Convention will be held at the Palmer House, January 24-29, 1948, under the 
presidency of Dr. Rex L. Diveley. 


PATHOLOGICAL DIAGNOSTIC SERVICE 


The American Academy of Orthopaedic Surgeons by yearly appropriation finances the Registry of 
Orthopaedic Pathology, a constituent member of the American Registry of Pathology. The Registry is in 
operation at the Army Medical Museum at present, but will soon be housed in the Institute of Pathology 

The Registry offers full, prompt diagnostic service by skilled men who are particularly interested in 
skeletal pathology on all lesions of bones, joints, and muscles, including tumors. It also holds cases in 
its files for follow-up in a very efficient manner. 

Prepared specimens, gross or microscopic, should be sent by local pathologist or laboratory to: 
Registry of Orthopaedic Pathology, Army Medical Museum, 7th Street and Independence Avenue, 8.W., 
Washington 25, D.C. If possible, an abstract of the case history and the roentgenograms should accom- 
pany the slides or tissue. Quick diagnosis is afforded if properly prepared material is sent. 

Surgeons are urged to avail themselves of this service offered by the Academy. There is no charge 

Robert W. Johnson, Jr., M.D 
Chairman of the Committec 
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Penicituin. Irs Practica, AppLication. Under the General Editorship of Professor Sir Alexander Flem. 
ing, M.B., BS., F.R.C.P., F.R.CS., F.R.S. Philadelphia, The Blakiston Company, 1946. $7.00. 


The volume consists essentially of a series of articles designed to present penicillin therapy as prae. 
tised in Great Britain during the first half of 1946. It gives the views of many experienced and eminent 
men who have worked with penicillin in Great Britain, some of whom may not be known to American 
physicians. It might have been greatly modified if written by American authors, by virtue of the wider 
application and the larger doses used, owing to the more plentiful supply and lower cost of the agent in 
this country. This is to be expected, as Fleming points out in the Preface, where he states: “The guiding 
rule is to give enough; it is much better to give more than enough than to give too little”. 

There are introductory chapters on general aspects—namely, history and development, chemistry 
and manufacture, pharmacy, pharmacology, bacteriological controls, and methods of administration—all 
written in simple and readable language. There follow eighteen chapters on the use of penicillin in 
various specific diseases or in general types of conditions and situations. More than half of them refer 
to surgical uses. Of particular interest to readers of The Journal are the separate chapters dealing with 
prophylactic use, wounds and gas gangrene, burns and plastic surgery, orthopaedic surgery and fractures, 
osteomyelitis, and hand infections. As might be expected, some of the contributors have leaned rather 
heavily on their own experiences and those of their British confreres, and have omitted reference to, or 
even any consideration of, the many valuable American contributions. The reader may, therefore, find 
many points of view different from those to which he has become accustomed from reading the American 
literature. Many of the chapters, however, are personal and intimate presentations, and they are very 
readable and highly practical. They should be of considerable value as a reference guide to physicians 
and surgeons in many fields, perhaps a little more to British than to Americans. 

A concluding chapter on “Penicillin and the General Practitioner” gives a simple and brief survey, 
with a classified bibliography to supplement the references quoted in the individual chapters. 


ConpuctTIon ANESTHESIA. Clinical Studies of George P. Pitkin, M.D., F.A.CS., F.LC.A. Edited by 
James L. Southworth, M.D., and Robert A. Hingson, M.D. Philadelphia, J. B. Lippincott Company, 
1946. $18.00. 


The need for a book which would give the principals and techniques of regional anaesthesia has been 
felt for some time. The present volume, based upon the study and experience of Dr. George P. Pitkin, 
includes not only the material collected and prepared by him, but also chapters by the editors and by 
eight collaborators on phases of the subject upon which each is especially qualified to write. The result 
is a gratifyingly complete treatise on the subject. 

Approximately the first quarter of the book consists of a discussion of the anatomy of the nervous 
system. This section contains many illustrations, of which those of the innervation of the abdominal 
viscera are perhaps the most noteworthy. The ensuing chapters on the pharmacology, principles, and 
instruments of conduction anaesthesia are of great value to anyone who contemplates employing the 
method. 

The remainder of the book consists of descriptions of the technique of specific blocks, and the 
indications for their use. These descriptions seem to the reviewer admirably clear and easy to follow. 
They are supplemented by many exceptionally fine illustrations. 

On the whole, this book is a notable addition to the literature, and will be of great value to surgeons 
and anaesthesiologists alike. 


INJURIES OF THE KNegE Jornt. I. S. Smillie, O.B.E., M.B., F.R.CS.(Ed.), F.R.F.PS. Baltimore, The 
Williams and Wilkins Company, 1946. $9.00. 


Although Smillie’s extensive experience with disorders of the knee joint was gained primarily while 
he was in charge of an orthopaedic unit in a Base Hospital during World War II, the injuries he describes 
are, with the exception of war wounds, those which civilians incur in the course of their activities. 

The book contains a comprehensive survey of the various injuries to which the knee is heir, as well 
as a discussion of their treatment—including the technique of operative repair and after-care—and the 
results. By far the greatest emphasis is placed upon injuries of the menisci, which are the most common 
derangements of the knee joint. The various meniscus operations are described, with their techniques 
and complications. 

In general, the book is written from a practical, rather than a theoretical, point of view. It is cleat 
und concise, and the various lesions and operative procedures mentioned are illustrated unusually well. 
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SurcicaAL TREATMENT OF THE Sort Tissues. Edited by Frederic W. Bancroft, A.B., M.D., F.A-CS., and 

George H. Humphreys, II, A.B., M.D., Se.D., F.A.C.S. Philadelphia, J. B. Lippincott Co.. 1946. $15.00. 

Surgical Treatment of the Soft Tissues is another in the series on Surgical Treatment, issued under 
the editorship of Frederic W. Bancroft, M.D. The Associate Editor of this volume is George H. Hum- 
phreys, II, M.D., Valentine Mott Professor of Surgery, Columbia University, College of Physicians and 
Surgeons, and Director of Surgical Service, The Presbyterian Hospital, New York. 

The book is divided into twenty-one sections, written by different authors, and each section has its 
own bibliography. Of special interest to readers of The Journal are the sections dealing with Tendon 
Injuries of the Hand, Infections of the Hand, and Plastic Surgery. 

One chapter is devoted to sulfonamide therapy and the use of penicillin in surgical practice. 

The volume is well planned, the illustrations are excellent, and the actual printing is a distinct credit 
to the publishers. This is a valuable addition to the series. 


INTRODUCTION TO SurGERY. Virginia Kneeland Frantz, M.D., and Harold Dortic Harvey, M.D. New York, 

Oxford University Press, 1946. $2.50. 

It is welcome to see the basic principles of surgery emphasized, as they are in this little book, which 
has been written as a text for the teaching of surgery to the second-year class of the College of Physicians 
and Surgeons at Columbia University, where the authors are Assistant Professors of Surgery. 

The book deals almost entirely with the reactions of the various tissues of the body to varying forms 
of trauma. In many instances, the fundamental approach to treatment is discussed. The book is well 
written, concise, and accurate. The last chapter deals with history-taking and the physical examination. 

A short bibliography is appended. Were these references introduced into the text, there might be 
more incentive for consulting them, but this is minor criticism. 

Dr. Whipple’s foreword is an excellent exposition of the necessity for the student learning to 
differentiate between fact and theory, and for the development of his critical faculties. 

Certainly, as an introduction to the understanding of surgery, it is a valuable work for the student, 
and instructors in surgery would do well to consult it for its exposition of what should be taught. 


A Manuat or TomocrapHy. M. Weinbren, BSc. (S8.A.), M.R.C\S. (Eng.), L.R.C.P. (Lond.), F.F.R. 

(Lond.), D.M.R.E. (Camb.). London, H. K. Lewis and Company, Ltd., 1946. 45 shillings. 

The Manual covers a series of lectures delivered by the author, a well-known radiologist in South 
Africa. The book is well printed and contains numerous excellent illustrations. A large number of cases 
are presented. Weinbren is enthusiastic about the tomographic method of roentgenography (laminag- 
raphy, body section, and so forth), and stresses its diagnostic value. 

The reviewer agrees that tomography is valuable in that it occasionally demonstrates a lesion in 
the skeletal system and chest that cannot be shown by any other method, and that, with it, certain 
processes are more readily visualized than with other techniques. The majority of pathological con- 
ditions, however, can be demonstrated by variations of the usual technical procedures, with less radiation 
to the patient and to the technician. With the present trend toward increasing use of radio-active 
materials, caution against excess radiation in any form is urged. 


ACCIDENTES VASCULARES DE LOS MIEMBROS (Vascular Damage to the Extremities). Ed. 2. F. Martorell. 

Barcelona and Buenos Aires, Salvat Editores, 8. A., 1946. 

This book is the second edition of one by the same name by Dr. Martorell, who is Chief of the 
Section of Vascular Surgery at the Instituto Policlinico in Barcelona. It is a presentation of various 
vascular disorders, which represent a branch of medicine which is becoming more and more important to 
the surgeon and to the internist. 

The book is divided into three parts: The first deals with arterial damage to the extremities, the 
second with damage to the veins, and the third with damage to the lymphatic vessels of the extremities 

Treatment of the various conditions is discussed, as well as the distinctive signposts which aid in 
diagnosing the varieties of damage which may occur. Many case histories are presented with excellent 
photographs, which should be of great interest to the reader. To facilitate rapid comprehension of the 
clinical cases which are cited, there are numerous diagrammatic sketches, and at the end of each chapter 
is a bibliography of important works in the field under discussion. 

L'ostboSYNTHESE AU cLou (Osteosynthesis by Pinning). R. Soeur. Paris, Masson et C'*, 1946. 325 francs 

This book represents a personal report of many cases of intramedullary pinning performed by the 
author over a period of several years. The favorable, as well as the unfavorable, aspects of the method 
are presented, and of equal interest to the orthopaedic surgeon is the discussion of the technique itself 
and of the indications for its use. Three methods of osteosynthesis by pinning are discussed as they apply 
to diaphyseal fractures and to the femur. 

The actual plan of the book is a useful one. In an introductory chapter, Dr. Soeur discusses the 
general background of pinning,—its history, the choice of material and instruments used, the importanes 
of proper reduction and accurate roentgenographic control, and, finally, arguments for and against pinning 
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Then follow individual sections on the process in the forearm, the humerus, the clavicle, the tibia, 
and the femur. A second chapter deals only with extracapsular fractures of the neck of the femur, and 
the third and last chapter, with intracapsular fractures. There are many illustrations and roentgeno- 
graphic reproductions, and a complete bibliography at the end of each chapter. 

Readers of The Journal will find Dr. Soeur’s preliminary report on this subject in the April 194 
issue, page 309. 


Dre Reverpin-PiastiK. Dr. Raimund Wittmoser. Vienna, Wilhelm Maudrich, 1946. $7.00. 

Perusal of Die Reverdin-Plastik, by Dr. Raimund Wittmoser, will disappoint many American 
readers, because the method emphasized in this exhaustive treatise on skin transplantation has largely 
been discarded in this country. Sheets of skin, removed with a knife or a dermatome, have been preferred 
because Reverdin grafts do not provide so firm a surface for bearing weight; they give a mottled appear- 
ance to the grafted area; and the donor sites of such grafts are most unsightly. Little mention is made 
of these cosmetic considerations in the text. 

The first section of the book deals with the general topic of skin transplantation from the scientifie 
point of view. This section is illustrated with drawings and photomicrographs. Most of the remainder of 
the book deals with clinical applications. There are numerous illustrations of lesions in all parts of the 
body, closed primarily or secondarily with Reverdin grafts. The details of technique are discussed at 
some length. A final section is concerned with a statistical analysis of the results. 

The thoughtful reader of this book will find it very revealing as regards developments in plastie 
surgery in the past fifteen to twenty years, for the newer techniques of skin transplantation have almost 
completely outmoded the Reverdin method. The value of this book lies in the discussions of the wound 
management before and after operation, and in the emphasis on the indications for grafting. 


Tue Mepican ANNvuAL. A YEAR Book or TREATMENT AND PRACTITIONER’S INDEX. Editors: Sir Henry 
Tidy, K.B.E., M.A., M.D. (Oxon.), F.R.C.P., and A. Rendle Short, M.D., BS. BSc. F.R.CS. 
Bristol, England, John Wright and Sons Ltd., 1946. 

This edition, for the sixty-fourth year that the British Medical Annual has been published, is quite 
similar to those which have preceded it each year. It consists of 426 pages with forty-six colored plates 
and numerous figures which amply illustrate the text. Forty-seven of the leading physicians of the 
British Isles have made contributions to the numerous subjects which appear in the book. The first 
386 pages give a review of the year’s work in medicine and surgery in England. The remaining pages 
discuss new preparations and appliances, and new books of the year. 

Following its usual policy, the 1946 Medical Annual is most comprehensive in the variety of the 
subject matter which it contains. Much may be found in its pages of interest to the physician, be he 
general practitioner, internist, or surgeon. Due to the excellent general index, the Annual will prove of 
special value as a reference book. 


MYASTHENIA Gravis. Dr. Adelberto R. Gofi. Translated by Georgianna Simmons Gittinger. Baltimore, 

The Williams and Wilkins Company, 1946. 

Myasthenia gravis is a disease affecting the voluntary muscles,—principally those concerned with 
moving the eyes, talking, chewing, and swallowing. In some cases, a similar weakness appears in the neck 
muscles and in the general body musculature. 

The chief symptom is one of easy fatigue with restoration of function after a period of rest. The 
disease appears to be due to a dysfunction in the transmission of the nerve impulse to the muscle at the 
synapse. Prostigmine, taken either by mouth or by injection, overcomes the disability in large part, for 
the time being. 

The disease is relatively rare; and no systematic account of it has appeared in the literature in 
recent years, until the author’s book, originally written in Spanish and published in Buenos Aires, and 
recently translated into English. Gofii reports in some detail thirteen cases, observed since 1937 in 
Buenos Aires and its vicinity; and reviews the literature of myasthenia gravis, paying particular atten- 
tion to the clinical and pathological aspects of this syndrome. The monograph is thus up to date and 
contains an extensive list of references to the current literature. 

The translation into English is occasionally faulty. The text, nevertheless, gives a good picture of 
the disease. 


CORRECTION 


Acknowledgment is made of a typographical error in the abstract of an article on The Major Amputa- 
tion Stump in Health and Disease, by F. G. St. Clair Strange, which appeared in The Journal (28: 898, 
Oct. 1946). The last clause of the first paragraph should read: “and (4) above the elbow, eight inches 
from the tip of the acromion with the arm at the side”. 
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